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1. INTRODUCTION 
t 

The Weather S u r v e i l l a n c e  Radar - 
1988 Doppler  (WSR-88D) p rov ides  
i n v a l u a b l e  i n f o r m a t i o n  on a v a r i e t y  
of m e t e o r o l o g i c a l  phenomena. T h e  
high s e n s i t i v i t y  of t h e  WSR-88D 
a l lows  f o r  t h e  obse rva t ion  of 
phenomena t h a t  were no t  obse rvab le  
wi th  p r e v i o u s .  WSR'  s. P r e c i p i t a t i o n  
phase,  l and - sea  b reeze  c i r c u l a t i o n s  
and c l o u d s  a re  examples of phenomena 
t h a t  are now obse rvab le  by  t h e  WSR- 
88D. The d e t e c t i o n  of t h e s e  f e a t u r e s  
has  an enormous impact on f o r e c a s t  
o p e r a t i o n s  ., 

2. PRECIPITATION PHASE DETECTION 

The d e l i n e a t i o n  between f rozen  
and l i q u i d  p r e c i p i t a t i o n  i s  r o u t i n e l y  
observed on weather  r a d a r s  a s  a band 
of enhanced r e f l e c t i v i t y  r e f e r r e d  t o  
a s  " the  b r i g h t  band." When f rozen  
p r e c i p i t a t i o n  m e l t s  a s  i t  f a l l s ,  a 
r e g i o n  of water-covered i ce  i s  
produced. The water-covered i c e  i s  
t h e  c a u s e  of t h e  enhanced 
r e f l e c t i v i t y .  Stewart  and King 
(1990) d e s c r i b e  t h e  s t r u c t u r e  of t h e  
b r i g h t  band. 

When t h e  r a d a r  i s  l o c a t e d  on t h e  
c o l d  (snow) s ide  of a p r e c i p i t a t i o n  
phase change l i n e ,  t h e  b r i g h t  banding 
commonly a p p e a r s  a s  a l i n e  of h i g h e r  
r e f l e c t i v i t y  on lower r ada r  e l e v a t i o n  
ang le s .  When t h e  r a d a r  s i t e  is 
located on t h e  w a r m  ( r a i n )  s ide,  t h e  
b r i g h t  band commonly appea r s  a s  a 
c i r c u l a r  r i n g  o f  enhanced 
r e f l e c t i v i t y  around t h e  r a d a r .  
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A commonly o c c u r r i n g  phenomenon 
i n  a r e a s  of p r e c i p i t a t i o n  phase 
change i s  p r e c i p i t a t i o n  banding t h a t  
u s u a l l y  r e s u l t s  i n  enhanced 
p r e c i p i t a t i o n  r a t e s .  I n  r eg ions  of 
w a r m  advec t ion ,  s l a n t w i s e  convec t ion  
can cause  banded p r e c i p i t a t i o n  t h a t  
appea r s  s i m i l a r  i n  r e f l e c t i v i t y  
f ie l 'ds  t o  b r i g h t  bands a s s o c i a t e d  
wi th  phase change. D i sc r imina t ing  
be tween b r i g h t  bands and 
p r e c i p i t a t i o n  banding i n  t h e  
r e f l e c t i v i t y  f i e l d  d a t a  can  be  
d i f f i c u l t .  

The c o r r e c t  i n t e r p r e t a t i o n  of 
banded echoes i s  c r i t i c a l  t o  s h o r t -  
t e r m  f o r e c a s t i n g .  Examination of 
WSR-88D da ta  from t h r e e  w i n t e r s  a long  
t h e  mid-Atlantic c o a s t  has shown t h a t  
1) b r i g h t  bands produce h i g h e r  
r e f l e c t i v i t y  v a l u e s  t h a n  
p r e c i p i t a t i o n  bands,  2 )  b r i g h t  bands 
propagate  more s lowly  than  
p r e c i p i t a t i o n  bands,  and 3) b r i g h t  
bands are t y p i c a l l y  narrower than  
p r e c i p i t a t i o n  bands.  An example 
appears  i n  F ig .  1. 

The d e t e c t i o n  of b r i g h t  bands 
us ing  t h e  WSR-88D i s  a c r i t i c a l  
element i n  t h e  dFvelopment of a 
snowfa l l  accumulat ion a lgo r i thm.  Any 
advanced r a i n f a l l  accumulat ion 
a lgor i thm w i l l  depend on d e t e c t i o n  of 
and compensation f o r  b r i g h t  banding 
t h a t  r e s u l t s  i n  g r e a t l y  overes t imated  
r a i n f a l l  amounts. 

3. LAND-SEA BREEZE CIRCULATIONS 

I n  a c o a s t a l  regime, land-sea  
breeze c i r c u l a t i o n s  cause a b r u p t  wind 
s h i f t s  and t empera tu re  g r a d i e n t s ,  
p a r t i c u l a r l y  i n  s p r i n g .  Recognizing 
and fo recas t ing  these  c i r c u l a t i o n s  i s  
c r i t i c a l  t o  w r i t i n g  accu ra t e  f o r e c a s t  
p r o d u c t s .  Both p u b l i c  tempera ture  
f o r e c a s t s  and a v i a t i o n  t e r m i n a l  - 
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FIG. 1. Base r e f l e c t i v i t y  from t h e  
KOKX (Upton, NY) WSR-88D a t  1352  UTC 
on 4 February 1995 a t  t h e  0.5' 
e l e v a t i o n  ang le .  The 40-55 d B Z  e a s t -  
w e s t  l i n e  r e p r e s e n t s  a b r i g h t  band 
and the  25-30 dBZ east-west bands a r e  
the r e s u l t  ot s l a n t w i s e  corivection. 

f o r e c a s t s  of wind d i r e c t i o n  improve 
drama t i ca l  1 y when f o r e c a s t e r s  
r e c o g n i z e  l a n d - s e a  b r e e z e  
c i r c u l a t i o n s .  Av ia t ion  Opera t ions  
bene f i t  f ro rnaccura t e  a n t i c i p a t i o n  of 
runway u s e  changes.  

The WSR-88D i d e n t i f i e s  land-sea 
breeze c i r c u l a t i o n s  a s  r e l a t i v e l y  
narrow reg ions  of enhanced 
r e f l e c t i v i t y .  A t y p i c a l  c a s e  i n  
which the land-sea breeze c i r c u l a t i o n  
is seen i n  t h e  r e f l e c t i v i t y  d a t a  from 
t h e  WSR-88D is shown i n  Fig. 2 .  This  
is a c o n s t a n t  a l t i t u d e  ( 0 . 5  km) 
d i sp lay  of r e f l e c t i v i t y  from t h e  KOKX 
WSR-88D a t  1800 UTC on 16 J u n e  1995.  
The I n t e r a c t i v e  Radar Ana lys i s  
Softwara (IRAS) ( P r i e g n i t z  1995) was 
used  t o  produce t h e  image. One 
c i r c u l a t i o n  is e v i d e n t  ove r  Long 
I s l a n d  with pno the r  a long  t h e  coast 
of Connecticut.  The h o r i z o n t a l  width 
of t h e  r e f l e c t i v i t y  band v a r i e s  from 
the l i m i t  of r e s o l u t i o n  of t h e  r a d a r  
(about  1 km) t o  about  5 km. It 
extends  upward about 1 km above t h e  
s u r f a c e  ( n o t  shown). The 
r e f l e c t i v i t y  is  on average  12 dBZ on 
Long I s l a n d  w e s t  o f  t h e  ' r a d a r  and 
a l s o  i n  Connect icut ;  over t h e  s o u t h  
f o r k  of Long Is land ,  t h e  r e f l e c t i v i t y  
is 2 0  dB2 or h ighe r .  The 
r e f l e c t i v i t y  l i n e  represents  the 
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FIG. 2 .  Base. r e f l e c t i v i t y  froul c l ~ e  
KOKX (Upton, NY) WSR-88D a t  1800 I N "  
16 J u n e  1995 a t  a cons tan t  a l t i t u d e  
of 0.5 km. Range circles a r e  l a b e l e d  
i n  k i l o m e t e r s .  

" l ead ing  edge" of t h e  c i r c u l a t i o n  
where s t r o n g  b a r o c l i n i c i t y  e x i s t s  and 
i s  commonly r e f e r r e d  to a s  t h e  'sea 
b reeze  f r o n t  . " Doppler r ad ia l  
ve I. oc  i t y f ii L' t he L' 
d e f i n e  t h e  c i r c u l a t i o n s .  

I n i t i a l  fo rma t ion  of s e p a r a t e  
c i r c u l a t i o n s  over Long I s l a n d  and 
Connect icu t  is  t y p i c a l .  The Long 
I s l a n d  " f ron t "  u s u a l l y  advances 
northward i n  t h e  l a t e  af te rnoon,  
c r o s s i n g  Long I s l a n d  Sound and 
merging wi th  t h e  Connecticut " f ron t . "  
Observa t ions  a t  sur face-based  
observ ing  s t a t i o n s  have o f t e n  
confirnied t h e  passage of t h e  "f rou t  ." 

I t  is l i k e l y  t h a t  a cornbination 
of  t a r g e t s  c a u s e s  t h e  r e t u r n s :  
insects (Sauvageot and Despaux 1596), 
r e f r a c t i v i t y  v a r i a t i o n s ,  ael-osols,  
suspended  p a r t i c u l a t e  ma t t e r ,  e t c .  
When t h e  f r o n t  i s  ove r  Long I s l and  
Sound, t h e  echoes  a r e  s i g n i f i c a n t l y  
weaker. T h i s  s u g g e s t s  t h a t  
t e r res t r ia l  p a r t i c u l a t e  matter Lias 
been l o s t  and  t h a t  any r e f r a c t i v i t y  
v a r i a t i o n  h a s  d iminished .  The 
remaining r e f l e c t i v i t y  is  l i k e l y  
caused by aerosols gene ra t ed  a t  tlie 
water  s u r f  ace. 
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4 .  DETECTION OF CLOUDS 

I t  i s  possible t o  detect  water 
and ice c louds  wi th  t h e  WSR-88D. The 
remote o b s e r v a t i o n  of  c louds  is 
impor t an t  t o  b o t h  f o r e c w t e r s  and 
r e s e a r c h e r s .  Of p a r t i c u l a r  i n t e r e s t  
a r e  stratus clouds and fogs,  which 
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are  observable  in r e € l e c t i v i t y  data.  
I n  a d d i t i o n ,  a lgo r i thms  t o  de tec t .  
pa rame te r s  such as c loud  th i ckness ,  
c loud f r a c t i o n ,  c l o u d g a s e  h e i g h t  and 
c l o u d  t o p  h e i g h t  a r e  under  
development.  

W h i l e  p r e c i p i t a t i o n  t y p i c a l l y  
produces r e f l e c t i v i t y  va lues  of 2 0  t o  
60 dBZ, c louds  and fog g e n e r a l l y  
produce r e f l e c t i v i t i e s  of -30 dBZ or  
lower. F igure  3 shows e s t i m a t e s  of  
t y p i c a l  r e f l e c t i v i t y  f a c t o r s  for 
s t r a tocumulus  c louds  and dri z z l e .  
T a b l e  1 shows e s t i m a t e s  of 
r e f l e c t i v i t y  €or s e v e r a l  d i f f e r e n t  
c l o u d  types .  
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FIG. 3. R e f l e c t i v i t y  (dBZ) v e r s u s  
d r o p l e t  d e n s i t y  ( c m  ) and d r o p l e t  
r a d i u s  (pin). The l a b e l e d  d i agona l  
l i n e s  a r e  i s o p l e t h s  of equal  d r o p l e t  
r a d i u s  and t h e  hatched a r e a s  
r e p r e s e n t  t y p i c a l  v a l u e s  f o r  d r o p l e t  
number d e n s i t y  and d r o p l e t  r a d i u s  
t a k e n  from a i r c r a f t  measurements 
(Mi l l e r  1994) 

4.1 Detectable s i m  
To determine  i f  t h e  WSR-88D is 

s e n s i t i v e  enough t o  d e t e c t  c louds ,  
the Minimum De tec t ab le  S igna l  (MDS) 
of t h e  r a d a r  niust be c a l c u l a t e d  from 
examina t ion  o f  t h e  r a d a r  equa t ion  
(Doviak and Zrn ic  1984) .  The MDS f o r  
any range  can be  c a l c u l a t e d  i f  t h e  
r a d a r  c o n s t a n t  is known. The MDS f o r  
the WSR-880 is shown i n  Fig. 4 f o r  
t h e  long  and s h o r t  p u l s e  widths  used 
in t h e  'clear a i r  mode" volume 
c o v e r a g e  p a t t e r n s  31 and 32. If 
c l o u d s  have an  average  r e f l e c t i v i t y  
v a l u e  of -30 dBZ,  t hen  from f i g u r e  4 
i t  can be seen  t h a t  c louds  are 
d e t e c t a b l e  t o  a range of around 15 km 

us ing  the 1.57 pi s h o r t  p u l s e  and t o  
around 30 km us ing  t h e  4.57 tis l ong  
p u l s e .  

TABLE 1. C h a r a c t e r i s t i c s  of v a r i o u s  
c louds  and e s t i m a t e d  r e f l e c t i v i t y  
f a c t o r s .  The a b b r e v i a t i o n  "Sc" 
i n d i c a  t e s s t ' ra t ocumul u s ( M i  1 1 e r , 
1994). 
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FIG. 4 .  Graph showing MDS for t h e  
WSR-88D's volume coverage p a t t e r n  31 . 
( 4 . 5 7  l is p u l s e  wid th)  and volume 
coverage  p a t t e r n  32 (1.57 ps p u l s e  
w i d t h ) .  The number of samples  per 
r a d i a l  is 63 f o r  bo th .  

4.2 

F i g u r e  5 shows a WSR-88D 
r e f l e c t i v i t y  p a t t e r n  from 23 February  
1996. This  p a t t e r n  was made u s i n g  an 



e l e v a t i o n  a g l e  of l . 5a ,  a p u l s e  

r a d i a l  (volume coverage p a t t e r n  31). 
On t h i s  day, l o w  cloii,ds were observed 
over  t h e  r e g i o n  w i t b f o y  and d r i z z l e  
loca t ed  t o  t h e  sou theas t  of t h e  
rada r . A c i r c u l a r  p a t t e r n  of 
r e f l e c t i v i t i e s  i n  t h e  -24 t o  -32 dBZ 
range i s  observed.  The o u t e r  edge of 
t h i s  c i r cu la r  a r e a  r ep resen t s  t h e  
loss of d e t e c t a b i l i t y , d u e  t o  receiver 
noise‘  (MDS) . The i n n e r  edge 
represents  t h e  lowest height  a t  which 
echoes a r e  observed and is  comparable 
to c loud  b a s e \  h e i g h t .  Froh t h e s e  
da t a ,  e f f o r t s  a r e  being made t o  
f u r t h e r  q u a n t i f y  t h e  c h a r a c t e r i s t i c s  
of t h e  cloud f i e l d  i n  t he  v i c i n i t y  of 
t h e  r a d a r .  

width of 4 . 5  3 )is, and 63 sarnples per 
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F I G .  5.  Base r e f l e c t i v i t y  from t h e  
KOKX (Upton, N Y )  WSR-88D a t  2026 UTC 
on 23 February  1996 f o r  t h e  1.5’ 
e l sva t ion  ang le .  The region of -24 t o  
-28 dB2 r e f l e c t i v i t i e s  d e p i c t s  
s t r a t u s  c louds ;  t h e  -8 t o  -23 dBZ 
r e f l ec t iv i t i e s  r e p r e s e n t s  an a r e a  of  
d r i z z l e .  

5 .  CONCLUSION .‘ 

The WSR-88D network i s  a unique 
me teo ro log ica l  observ ing  resource .  
The system has proven an inva luab le  
t o o l  i n  t h e  s e v e r e  weather warning 
process ( B i e r i n g e r  and Ray 1996). 
flowever, t h e  d e t e c t i o n  of non-severe 
f e a t u r e s  i n c l u d i n g  clouds,  land-sea 
b r e e z e  c i r c u l a t i o n s ,  a n d  
p r e c i p i t a t i o n  phase  can a l s o  a f f e c t  

t h e  accu racy  of  bo th  p u b l i c  and 
a v i a t i o n  f o r e c a s t s .  The WSR-8811 is a 
powerful  obse rv ing  p l a t f o r m  t h a t  can 
be i n t e g r a t e d  wi th  o t h e r  a c t i v e  and 
p a s s i v e  remote obse rv ing  s y s t e m s  Lo 
d e p i c t  a more d e t a i l e d  four 
dimens iona l  s t r u c t u r e  of t h e  
a t m o s p h e r e .  O p e r a t i o n a l  
me t e o r o  1 og i s t s shou ld  a t t ernp t t o  
a s s u r e  t h a t  t h e  WSR-88D is u s e d  such  
t h a t  non-severe f e a t u r e s  are  detected 
and i n t e g r a t e d  i n t o  t h e  f o r e c a s t  
p r o c e s s .  
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