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Radar measurements of a 1  1 three  of the  atmospheric ve loc i ty  components by 
the  MST technique d a t e  from a l l  the pioneering work of WOOWAN and GUILLEN 
(1974). The radar  hor izonta l  v e l o c i t i e s  have been compared with other  standard 
measurements, such a s  radiosonde winds, i n  a number of s tudies  and a r e  now 
f inding widespread acceptance wi thin  the  meteorological community f o r  research 
and operat ional  forecas t ing purposes (e.g. LARSEN and ROTTGER, 1982 ; CARLSON 
and SUNQUARAMAN, 1982; LARSEN, 1983). Perhaps the s ingle  most in te res t ing  re- 
por t  recent ly  i s  t h a t  the MST p r o f i l e r  winds a r e  turning out t o  be one of the 
most useful pieces of data f o r  predic t ing upslope snowfalls (SCHLATTER, 1984) 
in ,  the cold-season forecas t ing study of the PROFS Progran (REYNOLDS, 1983). By 
contras t ,  t he  v e r t i c a l  v e l o c i t i e s  measured by MST radars  have received re la t ive -  
ly  l i t t l e  a t t en t ion ,  desp i t e  the f a c t s  t h a t  d i r e c t  continuous measurenent of 
v e r t i c a l  ve loc i ty  i s  unique (i.e., it cannot be done with radiosondes) and t h a t  
the  v e r t i c a l  ve loc i ty  i s  in t imately  linked with the dynamics of the etmosphere. 

Indeed, fo r  many forecas t ing app l i ca t ions  the v e r t i c a l  veloci ty  is the  
s ing le  most important va r i ab le ,  ye t  it i s  usually inferred ind i rec t ly  from other  
dynamical var iables .  The ST radars  now ava i l ab le  have fhe po ten t i a l  t o  change 
t h i s  s i tua t ion ,  and the next sect ion reviews some of the r e s u l t s  from v e r t i c a l  
ve loc i ty  measurements which have d i r e c t  appl ica t ion i n  synoptic-scale dynamics. 

I n  the t h i r d  %sect ion 1 consider some of the remaining research questions 
which should be addressed before plans a re  made t o  fu l ly  exploi t  t h i s  tech- 
nology. I n  the  f i n a l  section,  I discuss  a few po ten t i a l  appl ica t ions  of t h i s  
technology f o r  synoptic-scale analys is  and forecasting.  

-- - -- -- - - --L. 

By synoptic-scale, we mean tho- motion systems t h a t  operate on scales  
from several  hundred t o  a few thousand ki l tmeters ,  and w i l l  focus a t t e n t i o n  on 
than while r e a l i z i n g  t h a t  the re  i s  i n t e r a c t i o n  mong motion systems of a l l  
scales.  For example, j e t  stream and f r o n t a l  systems a r e  usually considered 
synoptic-scale f ea tu res ,  but the pr incipal  benef i t s  of v e r t i c a l  veloci ty  
measurements i n  these  cases seem t o  l i e  i n  understanding t h e i r  in te rac t ion  with 
smaller scales.  A s  reviewed by GAGE (19831, j e t  streams a r e  a locus fo r  turbu- 
lence  and i n t e r n a l  gravi ty  wave a c t i v i t y ,  and ST radars a r e  helping t o  def ine  
the  i n t e r a c t i o n  processes a t  work there.  Also, LARSEN and ROTTGER (1982) have 
reviewed the appl icat ion of ST radar  data,  including v e r t i c a l  ve loc i t i e s ,  t o  
the  study of f r o n t a l  passage events. Again, a primary use of the  v e r t i c a l  ve- 
l o c i t y  da ta  appears t o  be i n  studying the mesoscale processes along the  f r o n t a l  
boundary. However, the v e r t i c a l  veloci ty  da ta  may have appl icat ion on a l a rge r  
s c a l e  a s  wel l ,  as  seen next. 

Figure 1 (from LARSEN and ROTTGER, 1982) shows the sequence of events 
during a warm f r o n t a l  passage a t  SOUSY. The v e r t i c a l  veloci ty  ahead of the 
f r o n t  i s  c lea r ly  upward on the  average, while t h a t  behind the f r o n t  i s  down- 
ward, a s  expected. Eyeball averagifg the values i n  Figure l b  gives mean magni- 
tudes on the  order of 10 - 20 cm s , up or down, which a re  not a t  a l l  un- 
reasonable compared with c l a s s i c a l  models (PALMEN and NEWTON, 1969). 

. . .  . : . . .  . . . .  . . . . . . . . . . . . . .  . . I.. . .  . . ..i. . . . . 
. . . . .  . . .  . . . . . . .  . . . . . . . .  . _ .  . . 

. . ;. .- + . ' , : . _  . . . . 
. . . . 

. s  



617 MARCH 1981 617 MARCH 1981 

I 

12 i l  ' 00 06 UTC 
b/7 MARCH 1981 

b n 18 00 06 UTC 
d t l h  

Figure 1 .  Frontal passage a t  SOUSY radar ( a f t e r  LARSEN and ROTTGER, 1 ° P 2 ) .  
( a )  R e f l e c t i v i t y ;  in terva l  2 d B .  (b) V e r t i c a l  v e l o c i t y ;  i n t e r v a l  7 . 5  cmfs; 
shading i n d i c a t e s  downward. ( c )  Wind speed; i n t e r v a l  2.5 m/s;  s t i p p l e d  i s  
m i s s i n g .  (d)  C l a s s i c a l  f r o n t a l  model. 



Time average values bf  the ST measured ver t ica l  velocity i n  Alaska, Colo- 
rado and France have been compared with ver t ica l  veloci t ies  computed by the 
adiabatic, kinematic, and quasi-geostrophic omega equation methods by NASTROM 
(1984) and NASTROM e t  al., (1984). Some of the resu l t s  (e.g. Figure 2 )  a re  
very encouraging, and suggest that  the ST radar data can provide re l iab le  
eatimates of the synoptic-scale ver t ica l  velocity over a station. The success 
of these comparisons under general synoptic conditions has not yet been demon- 
s t rated,  however, due t o  the s i t i ng  of the available ST radar stations. A l l  
radars a r e  located i n  or near rough, mountainous terrain. It has been estab- 
lished (ECKLUND e t  al., 1982; NASTROM e t  al., 1984) that  flow over mountains 
increases the variance of the ver t ica l  velocity, and may induce standing l e e  
waves. This meteorological "noise" can swcmp the synoptic-scale signal a t  , 

times a s  shown i n  Figure 3 from Pla t tev i l le ,  Colorado. Note tha t  P l a t t ev i l l e  
i s  east  of the Rockies. I n  the two panels i n  the lower r ight  of Figure 3, the 
wind was strong and from the west, and .the comparison i s  poor; i n  the two panels 
i n  the lower l e f t ,  the wind was from the east ,  across the plains, and the com- 
parison i s  good. I n  the top four panels, the s t a t i s t i c a l  standard error  of the 
mean (SE) i s  given by SE = a/&, where a i s  the standard deviation and N i s  the 
number of independent observations. When the winds are  from the east,  over the 
plains, a i s  re la t ive ly  small; SE i s  then small enough tha t  the visual compari- 
son looks encouraging. The important point i s  that ,  a t  P la t tev i l le ,  the radar 
can measure the synoptic-scale ve r t i c a l  velocity with acceptable error l imi t s  
under cer ta in  conditions. 

There were three ST radars ins ta l led  fo r  ALPEX, i n  France near the mouth 
of the  Rhone ( U S L E Y  e t  al., 19831, i n  a t r iangular  array about 5 km on a 
side. When the wind was from the south, off the sea, these radar resu l t s  a lso 
compared well qual i ta t ively with each other and with the indirectly computed 
ve r t i c a l  veloci t ies  (Figure 4). Although the quantitative comparisons a re  not 
always perfect, the values f a l l  within s t a t i s t i c a l  error  limits. Based on the 
available resu l t s ,  it appears tha t  ST radars can provide reasonable estimates ' 
of the synoptic-scale ve r t i c a l  velocity. 
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Figure 2. Vertical velocity a t  P l a t t ev i l l e  radar 
( a f t e r  NASTROM. 1984). Solid l ine  i s  9-hour 
radar average, A i s  from adiabatic method, 
0 i s  from omega equation. 



VERTICAL VELOCIN (crn/s) 

8113/24/0 GMT 50-51 cmfs 

-20 -15 -10 -5 0 ' 5 10 15 20 
VERTICAL VELOCITY (cm/s) 

VERTICAL VELOCITY (cm/s) 

Figure 3. As i s  Figure 2;  S i s  sunset  radar  9-hour average. 

I n  order  t o  genera l ize  the  above r e s u l t s ,  an ST rada r ( s )  should be s i t e d  
i n  the  c e n t r a l  p l a ins  f o r  severa l  months. The measured v e r t i c a l  v e l o c i t i e s  - should be compared with i n d i r e c t l y  computed v e r t i c a l  v e l o c i t i e s  and with proxy 
ind ica to r s  of v e r t i c a l  motion such a s  weather r ada r  echoes and s a t e l l i t e  cloud 

- - - -  - pic tures .  I f  t h i s  technology were demonstrated under general  condit ions,  i t  
would sure ly  be accepted and used by the meteorological  community. It could, 
f o r  example, enhance the umfu lness  of major research e f f o r t s  such as  t h e  up- 
coming STORM pro j  ec t  . 
EXAMPLES OF APPLICATIONS 

When es tabl ished,  t h i e  technology could a1  so enhance opera t ional  synoptic- 
s c a l e  ana lys i s  and forecas t ing.  For example, a number' of " ru les  of thumb" used 
by f o r e c a s t e r s  a r e  rooted i n  the dynamical equations f o r  v e r t i c a l  motion (e.g., 
s t rong p o s i t i v e  v o r t i c i t y  advection a l o f t ;  low l w e l  convergence/high l w e l  di- 
vergence). I f  a fo recas t e r  could monitor the v e r t i c a l  ve loci ty  f i e l d  i n  r e a l  
time, h i s  successful  warnings would be improved. I t  i s  during the  c r i t i c a l  
zero to  s i x  hour time frame where c red ib le  fo recas t s  of severe weather have the  
g rea te s t  impact on protec t ing l i f e  and property,  and it i s  precise ly  i n  t h i s  
time f r ane  where continuous observations of the  v e r t i c a l  ve loc i ty  can help  a 
s t a t i o n  fo recas t e r  the most. Under current  procedures, the raw radiosonde da ta  
a r e  ava i l ab le  an hour or two a f t e r  the scheduled f i l e  time (002 or  1221, but 
cen t ra l i zed  analyses of v o t t i c i t y ,  divergence, or the  most simple NWP model 
fo recas t s  a r e  not ava i l ab le  f o r  several  hours. Then, fo r  the next 12 hours the  
fo recas t e r  can only "adjust" these products based on the weather ac tual ly  being 
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Figure 4 .  As i n  Figure 2,  except radar data from 
3 sites i n  France (ALPEX). 
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