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P R E C I P I T A T I O N  DETECTION WITH SATELLITE MICROWAVE DATA 

Yang Chenggang 
I n s t i t u t e  o f  Agrometeorol ogy 

Academy o f  Meteoro l  og i  c a l  S c i  ence 
S t a t e  M e t e o r o l o g i c a l  A d m i n i s t r a t i o n  
Rei  j i n g ,  Peop le 's  Repub l ic  o f  China 

and 

Andrew Timchal k 
Sate1 1 i t e  A p p l i c a t i o n s  Labora tory  

Washington, DC 

ABSTRACT. When a l l  f o u r  channels of t h e  NOAA 
p o l a r - o r h i  t i n g  sate1 li t e  M i  crcwave Soundi ng U n i t  
(MSU) i n s t r u m e n t  were screened a g a i n s t  a measure 
o f  r a i n r a t e ,  MSU Ch 2 (53.74 Ght )  was found t o  be 
t h e  most u s e f u l  channel f o r  d e t e c t i n g  p r e c i p i t a -  
t i o n  over  land. A median f i l t e r  a l g o r i t h m  which 
i s o l a t e s  t h e  decrease i n  b r i g h t n e s s  temperature of 
MSlJ Ch 2 f r o m  t h e  normal background temperature i n  
t h i s  channel was used t o  c a l c u l a t e  a Median F i l t e r  
Anomaly (MFA2). 

The MFA2 va lues  were found t o  be c o r r e l a t e d  w i t h  
an E f f e c t i v e  R a i n  Rates (ERR). C o e f f i c i e n t s  were 
as h i g h  as 0.6 o v e r  l a n d  d u r i n g  t h e  s p r i n g  and 
summer cases. C o r r e l a t i o n  was h i g h e s t  when con- 
v e c t i o n  was s t r o n g  and echo tops  reached t o  near 
t h e  t ropopause l e v e l s .  

I n  t h e  w i n t e r  cases, convec t ion  was r e l a t i v e l y  
weak and r a i n  r a t e s  were smal l .  Echo tops  were 
r e l a t i v e l y  low and reached t o  on ly  approx imate ly  
25,000 ft. F o r  t h e  w i n t e r  cases, t h e  MFA2 
a l g o r i t h m  showed no s k i l l  i n  d e t e c t i n g  p r e c i p i t a -  
t i o n .  

R e s u l t s  i n d i c a t e  t h a t  t h e  MFA2 i s  m a r g i n a l l y  use- 
f u l  i n  d e t e c t i n g  r a i n  ra tes.  I t s  o p e r a t i o n a l  use 
i n  t h e  TIROS Opera t iona l  V e r t i c a l  Sounding (TOVS) 
a l g o r i t h m ,  however, does serve w e l l  t o  p revent  
" c o l d "  b iased temperature r e t r i e v a l s  f rom be ing  
c a l  c u l  a t e d  i n areas where p r e c i  p i  t a t i  on con- 
t a m i n a t i o n  i s  s t rong.  



I .  INTRODUCTION 

P r i o r  t o  1979, p o l a r - o r b i t i n g  s a t e l l i t e  temperature r e t r i e v a l s  were used 
exper imenta l  ly. 
produced r o u t i n e l y  by t h e  N a t i o n a l  Envi ronmenta l  Sate1 li te,  Data, and 
I n f o r m a t i o n  S e r v i c e  (NESDIS) and used o p e r a t i o n a l l y  by t h e  N a t i o n a l  
M e t e o r o l  g i  c a l  Center  (NMC). 

Regi n n i  ng i n  1979, sate1 1 i t e  temperature p r o f i l e s  were 

By 1980, i t  was found t h a t  c loudy p a t h  temperature r e t r i e v a l s  made w 
m i  crowave channel s showed a 1 m e r  ( c o l d )  tempera ture  b i  as when heavy 
p i t a t i o n  r a t e s  were r e p o r t e d  ( P h i l l i p s ,  1980; Huber t  e t  a l . .  1981). 

t h  t h e  
p r e c i  - 

Subsequent ly,  t e s t s  were dev ised t o  p r e v e n t  r e t r i e v a l s  f r o m - b e i n g ' c a  cu- 
l a t e d  if p r e c i p i t a t i o n  was suspected t o  be b i a s i n g  t h e  MSU b r i g h t n e s s  tem- 
p e r a t u r e  measurements and thereby  b i a s i n g  t h e  r e t r i e v e d  temperatures.  

These e a r l y  t e s t s  were dev ised f o r  oceanic areas, where t h e  water  s u r f a c e  
e m i s s i v i t y  i s  more u n i f o r m  and about one-hal f  o f  t h a t  over  l a n d  surfaces. 
These two f a c t o r s  make t h e  YSU window Ch 1 (50.73 GHz) much more s e n s i t i v e  
t o  c louds and p r e c i p i t a t i o n  over  water. Over land, however, MSlJ Ch 1 can- 
n o t  be used i n  t h e  p r e c i p i t a t i o n  t e s t s  s imply  because i t  i s  t o o  s e n s i t i v e  
t o  t h e  l a r g e  v a r i a t i o n s  o f  s u r f a c e  e m i s s i v i t y  t y p i c a l l y  found over  l a n d  
areas. 

A t  t h e  p r e s e n t  t ime, q u a n t i t a t i v e  es t imates  o f  r a i n f a l l  a r e  made opera- 
t i o n a l l y  based upon a s a t e l l i t e  da ta  techn ique developed by S c o f i e l d  
(1987), S c o f i e l d  and O l i v e r  (1977). 
v e r t i c a l  e x t e n t  o f  t h e  c o n v e c t i v e  c l o u d  t o p s  t h a t  a re  determined f rom 
s a t e l l i t e  i n f r a r e d  imagery. 
have been developed by G r i f f i t h  e t  a l .  (1978), Negr i  and A d l e r  (1987), 
A r k i n  (1979), and others.  
of  i n f r a r e d  o r  i n f r a r e d  and v i s i b l e  s a t e l l i t e  data. 
(1981) i n c l u d e s  c loud types  as w e l l  as c l i m a t o l o g i c a l  c o n s t r a i n t s .  

T h i s  techn ique r e l i e s  h e a v i l y  upon t h e  

Var ious  techniques f o r  e s t i m a t i n g  r a i n f a l l  

These techniques a r e  based p r i m a r i l y  on t h e  use 
R a r r e t t ' s  techn ique 

S t u d i e s  by S t a e l i n  e t  a l .  (1975) p e r t a i n i n g  t o  t h e  SCAnning Microwave 
System (SCAMS) i n s t r u m e n t  i n d i c a t e d  t h a t  microwave temperature r e t r i e v a l s  
shou ld  n o t  be a f f e c t e d  by c louds w i t h  l e s s  than 0.01 gm/cm2 l i q u i d  water. 

Numerous au thors  have r e p o r t e d  on t h e  use o f  p a s s i v e  microwave measurements 
t o  d e t e c t  p r e c i p i t a t i o n .  It was concluded by A t l a s  (1981) t h a t  pass ive  
microwave rad iomet ry  w i l l  become usefu l  over  t h e  oceans w i t h  t h e  advent o f  
h i g h e r  r e s o l u t i o n ,  b u t  t h a t  u s e f u l  measurements over  l a n d  a r e  much l e s s  
promi s ing.  

Grody (1983) showed no e f f e c t s  due t o  p r e c i p i t a t i o n  i n  t h e  MSU channels f o r  
r a d a r  i n t e n s i t i e s  o f  l e s s  than l e v e l - 3 ,  which i s  a r a d a r  e s t i m a t e  of l e s s  
t h a n  41.9 mm/hr (Table l), when he examined microwave measurements over a 
c o n v e c t i v e  s to rm o f  12 A p r i l  1979 o v e r  t h e  c e n t r a l  U n i t e d  Sta tes .  
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Studies o f  r a i  n ra tes  w i  t h  Scanning Mu1 t ichannel  M i  c r w a v e  Radi ometer 
(SMMR) data by Spencer (1984, 1985a) have shown c o r r e l a t i o n s  as h igh  as 
0.80 over land i n  the  summer. 

A recent  paper d iscuss ing t h e  p r e c i p i t a t i o n  e f f e c t s  on M i c r w a v e  Sounding 
U n i t  (MSIJ) data by Nappi e t  a l .  (1986) prov ided t h e  s t imu lus  f o r  t h i s  
study. I n  t h a t  study, a median f i l t e r  a lgo r i t hm was devised t o  detect  and 
e l i m i n a t e  p r e c i p i t a t i o n  contaminat ion i n  t h e  opera t iona l  MSU r e t r i e v a l  pro-  
cedu re. 

The main purpose o f  our study was t o  evaluate the  s e n s i t i v i t y  o f  MSU chan- 
n e l s  i n  de tec t i ng  p r e c i p i t a t i o n  over land, namely, over t h e  Un i ted  States.  
A1 1 four  MSU channel br ightness temperatures ( T B ' s )  p l u s  a1 1 f o u r  der ived  
Median F i l t e r  Anomaly (MFA) values were s t a t i s t i c a l l y  screened f o r  poss ib le  
use fu l  re1 a t  i onships w i t h  p rec i  p i  t a t  on. 

I n  add i t ion ,  a l a rge  p a r t  of  our work concentrated on t h e  eva lua t ion  o f  t he  
p rec ip i t a t i on - induced  decreases o f  MSU Ch 2 b r igh tness  temperatures (TB2) 
d iscussed by Grody (1982, 1983) and the  s e n s i t i v i t y  o f  a Median F i l t e r  
A lgo r i t hm (MFA) i n  de tec t i ng  p r e c i p i t a t i o n .  

The main quest ion addressed was: 
of MSU Ch 2 (MFA2) de tec t  p r e c i p i t a t i o n  areas and i n t e n s i t i e s  over land? 

How w e l l  does the  Median F i l t e r  Anomaly 

11. PROCEDURE AND DATA USED 

MSU br igh tness  temperatures (TBs) were obta ined from the  NOAA 6 and 9 p o l a r  
o r b i t i n g  s a t e l l i t e s  f o r  t he  per iod,  A p r i l  through December 1986. 
were c o l l e c t e d  d i r e c t l y  from the  opera t iona l  f i l e s  w i t h  t h e  ass is tance of 
t h e  N E S I I I S  Sounding Implementat ion Branch and t h e  ST Systems Corporat ion 
Technologies personnel. Data were ex t rac ted  from the  f i l e s  a t  t h e  p o i n t  
where the raw MSU T B ' s  had been ea r th  located,  l imb  corrected,  and c a l i b r a -  
t i o n  corrected, bu t  be fore  any of the  MSU channels were f lagged f o r  e leva-  
t i o n  or p r e c i p i t a t i o n  contamination. 

The data 

MSU TR's are f lagged f o r  several  reasons. For  example, YSU Ch 2 TB i s  
f lagged if surface t e r r a i n  e l e v a t i o n  i s  h igh  enough t o  a f f e c t  t he  channel 
measurement. F igure  1 shows the  we igh t ing  funct ions f o r  t h e  four MSU chan- 
ne ls .  
near 600 mb, the  area w i t h i n  the  lower l imb  of t he  weight ing f u n c t i o n  
increases r a p i d l y  w i t h  e leva t ion .  
(TB2) i s  s i g n i f i c a n t l y  a f f e c t e d  when t h e  surface e l e v a t i o n  reaches h igher  
than about 1500 meters (850 mb). 
cedure, the  MSU TB2 values are f lagged and TB2 i s  not  used t o  generate a 
r e t r i e v a l  a t  tha t  loca t ion .  

Even though the  weight ing f u n c t i o n  o f  MSU Ch 2 (53.74 GHz) peaks 

Thus t h e  br igh tness  temperature o f  Ch 2 

When t h i s  occurs i n  t h e  opera t iona l  pro-  

The Median F i l t e r  Anomaly (MFAx) was ca l cu la ted  separate ly  fo r  a l l  f o u r  MSU 
Channels (1,2,3,4). An example o f  how t h e  MFA i s  ca l cu la ted  i s  shown i n  

3 



F igu re  2. 
d e r i v e  MFAZ. 
b r igh tness  temperatures (TBx) t o  f i l t e r  o u t  poss ib le  p r e c i p i t a t i o n  con- 
taminat ion  a t  t he  center  p o s i t i o n  o f  t h e  array. The MFAx i s  defined as the  
d i f f e r e n c e  between the  median TBx va lue and t h e  c e n t r a l  TBx value. I n  
F igu re  2, t h e  median TB2 va lue o f  t he  n ine  p o i n t s  i s  253OK. The c e n t r a l  
va lue i s  251OK. Thus, t he  MFA2 value i s  equal t o  a p o s i t i v e  2.0°K. 
P r e c i p i t a t i o n  i s  suspected i f  t h e  MFAZ va lue i s  l a r g e r  than l.O°K. 

I n  t h i s  example, Ch 2 b r igh tness  temperatures (TB2) were used t o  
The MFAx i s  de r i ved  by us ing  a moving 3 x 3 a r ray  of MSU Ch x 

I n  t h e  c u r r e n t  opera t iona l  procedure, i f  the  MFA2 exceeds 0.8OK then t h e  
r a i n  t e s t  f a i l u r e  i s  invoked, t h e  MSU TB2 i s  s e t  t o  zero, and no r e t r i e v a l  
i s  ca l cu la ted  f o r  t h a t  p a r t i c u l a r  po in t .  

Because the  instantaneous f i e l d  o f  view ( I F O V )  o f  the  MSU instrument i s  
q u i t e  large,  severa l  methods were considered i n  o rder  t o  o b t a i n  a represen- 
t a t i v e  measure r a i n  area and/or r a i n  r a t e .  F igu re  3a i l l u s t r a t e s  t h e  e l e -  
ven beam p o s i t i o n s  and the  ear th - loca ted  IFOVs o f  t h e  MSU channels f o r  t h e  
A p r i l  8, 1986 case. A t  t h e  n a d i r  beam #6 p o s i t i o n ,  t he  r e s o l u t i o n  i s  about 
110 km, w h i l e  a t  t he  ou te r  beam p o s i t i o n s  (#1 and #ll), the  f o o t p r i n t  shape 
i s  e l l i p t i c a l  w i t h  axes o f  323 km and 179 km. 

To o b t a i n  r a i n  ra tes,  we used the  NMC Radar Summary cha r t s  and the  Z-R 
r e l a t i o n s h i p  f o r  convect i  e p r e c i p i t a t i o n  (Table 1) developed by the  
Nat iona l  Weather Service, (Ha l l g ren  1979). Rain r a t e s  were determined a t  
each MSU beam p o s i t i o n  by f i r s t  ove r lay ing  the  MSU f o o t p r i n t s  atop t h e  
Radar Summary char ts .  We then est imated t h e  areal  coverage o f  each radar  
echo i n t e n s i t y  l e v e l  w i t h  n each o f  t h e  MSU f o o t p r i n t s .  These a r e a l l y -  
weighted echo i n t e n s i t i e s  were then converted t o  an E f f e c t i v e  Rain Rate 
(ERR mm/hr) by us ing  the  we igh t ing  shown i n  Equation (1). 

ERR = ZAiRi Eq. (1) 

I n  Equation (11, A i  i s  t h e  percentage area o f  radar-echo i n t e n s i t y  w i t h i n  
t h e  MSU f o o t p r i n t  and R i  i s  t h e  r a i n  r a t e  p rescr ibed by each V I P  l e v e l  as 
g iven i n  Table 1. 
mapped o u t  as shown i n  F igu re  3b. 

On the  radar-echo char ts ,  echo l e v e l s  1, 3, and 5 are 

F igures  3c and 3d show the  corresponding GOES 6 i n f r a r e d  image and s i x  
h o u r l y  p r e c i p i t a t i o n  char ts ,  respec t i ve l y .  These two f i g u r e s  w i l l  be 
discussed l a t e r  i n  Sect ion 3.2. 

Although o the r  cases were ex t rac ted  and examined, we r e s t r i c t e d  our 
d e t a i l e d  s t a t i s t i c a l  analyses t o  a rep resen ta t i ve  sample. The cases pre- 
sented here w i l l  i nc lude  00562 A p r i l  8, 12452 J u l y  1, 13172 October 24, and 
20052 December 9, 1986. 
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111. RESULTS 

3.1 Screening Regression o f  E f f e c t i v e  Ra in  Rate (ERR) A g a i n s t  A l l  MSU 
Channels 

As o u r  f i r s t  step, we used as independent v a r i a b l e s ,  t h e  b r i g h t n e s s  tem- 
p e r a t u r e s  ( T B )  of f o u r  MSU channels represented  b y  (B1-B4) and t h e  median 
f i l t e r  anomalies (MFA) o f  t h e  f o u r  channels represented  b y  (Bg-Bg), as 
shown i n  Table 2. 
search f o r  a use fu l  r e l a t i o n s h i p  w i t h  t h e  ERR values. A Forward Stepwise 
Screening Regression program was r u n  s e p a r a t e l y  f o r  each o f  f o u r  days: 
A p r i l  8, J u l y  1, October 24, and December 9, 1986 and f o r  t h e  f i r s t  t h r e e  
da tes  combined. 
p a r t i t i o n e d  i n t o  s e t s  over  l a n d  only ,  and r a i n  o n l y  sets ,  as shown i n  
F i g u r e s  4 th rough 8. 

These e i g h t  v a r i a b l e s  were s t a t i s t i c a l l y  screened t o  

Besides p a r t i t i o n i n g  t h e  d a t a  b y  date, t h e  d a t a  were a l s o  

Tab le  2 shows a t a b u l a t i o n  o f  t h e  screen ing  s t a t i s t i c s  f o r  each o f  t h e  
above dates.  The s t a t i s t i c s  a r e  assumed t o  r e p r e s e n t  t h e  c o n d i t i o n s  
d u r i n g  spr ing ,  summer, f a l l ,  and w i n t e r .  

P o i n t s  over  t h e  ocean and t h e  Great  Lakes were i n c l u d e d  i n  F i g u r e s  4 
th rough 7 above, b u t  t h e  r e s u l t s  over  water  areas w i l l  n o t  be presented 
h e r e a f t e r  s i n c e  t h e  sample s i z e s  over  water  were q u i t e  smal l .  Small sample 
s i z e s  over  ocean areas r e s u l t  because t h e  r a d a r  coverage was a v a i l a b l e  a t  
o n l y  a few c o a s t a l  r a d a r  s i t e s .  Table 2 shows t h e  s t a t i s t i c s  over  l a n d  
o n l y  f o r  each d a t e  (season) and t h e  f i r s t  t h r e e  o r b i t s / d a t e s  (seasons) com- 
b i n e d .  The t h r e e  o r b i t  combinat ion exc lude t h e  w i n t e r  case. Each d a t e  
(season) i s  shown subd iv ided i n t o  two ERR c lasses :  (1) Rain + No Rain  
represented  by ( R  + NR),  and ( 2 )  Ra in  o n l y  represented  b y  ( R ) .  

Values under column ( R  t NR)  i n c l u d e  a l l  a v a i l a b l e  p o i n t s .  These i n c l u d e  
p o i n t s  f o r  which Rain and No Ra in  was determined v i a  t h e  r a d a r  c h a r t s ;  
w h i l e  t h e  column l a b e l l e d  R shows o n l y  p o i n t s  f o r  which r a i n  was d e t e r -  
mined. The sample s i z e  i s  g i v e n  i n  row n. I n  t h e  l o n g  r e g r e s s i o n  equat ion  
shown near  t h e  bot tom o f  Table 2, BO i s  t h e  i n t e r c e p t  and B 1  th rough B4 a r e  
t h e  c o e f f i c i e n t s  f o r  t h e  MSU TB1  th rough TB4 v a r i a b l e s  r e s p e c t i v e l y ;  wh i le ,  
B5 th rough 88 a r e  t h e  cor respond ing  c o e f f i c i e n t s  f o r  t h e  MSU MFAl th rough 
MFA4 v a r i a b l e s .  The r e g r e s s i o n  c o e f f i c i e n t  i s  denoted b y  Ilrll, t h e  Standard 
E r r o r  b y  I IS".  E R R ( A V )  i s  t h e  average e f f e c t i v e  r a i n  r a t e  i n  mm/hr, and 
TB2(AV) i s  t h e  average b r i g h t n e s s  temperature ( O K )  of MSU Ch 2. 

I f  an I I X I l  i s  t a b u l a t e d  i n  l i e u  o f  any o f  t h e  independent v a r i a b l e  coef -  
f i c i e n t s ,  t h a t  p a r t i c u l a r  v a r i a b l e  was n o t  chosen d u r i n g  t h e  screen ing  run.  
I t  t h e r e f o r e  conta ined l i t t l e  o r  no r e l a t i o n s h i p  t o  t h e  e f f e c t i v e  r a i n  r a t e  
(ERR) .  
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By exami n i  ng t h e  screening resu l t s ,  we found t h a t  t h e  i ndependent 
var iab les ,  MFA2 and Ti32, contained p r a c t i c a l l y  a l l  of t h e  r a i n  r a t e  i n f o r -  
mation. A t  t h i s  juncture,  we tu rned our a t t e n t i o n  toward examining t h e  
Median F i l t e r  Anomaly a1 go r i  thm. Our r e s u l t s  corroborate those o f  Grody 
(1982) and Nappi e t  a l .  (1986), showing t h a t  MSU Channel 2 (53.74 GHz) i s  
t h e  most  s e n s i t i v e  o f  t he  fou r  MSU channels f o r  p r e c i p i t a t i o n  detection. 
O f  t h e  fou r  MSU channels, our data set  showed t h a t  Channel 3 (54.96 GHz) 
was the  l e a s t  s e n s i t i v e  t o  p r e c i p i t a t i o n .  

The December 9 case was subsequently i s o l a t e d  from t h e  combined set  because 
t h e  most fr 'equently chosen var iab le ,  MFA2 (B6), was not se lected f o r  t h a t  
case. 
con t r i bu ted  an i n s i g n i f i c a n t  amount of expla ined ERR var iance and thus 
t h e i r  non-se lect ion i s  simply t h e  r e s u l t  of a r b i t r a r i l y  s e t t i n g  t h e  
l i m i t i n g  F s t a t i s t i c  t o  0.5. 

I n  Table 2, those var iab les,  whose c o e f f i c e n t s  are l a b e l l e d  X ,  

Figures  4 through 8 show t h e  order  i n  which t h e  independent var iab les  were 
se lec ted  and t h e  corresponding improvement i n  t h e  c o r r e l a t i o n  c o e f f i c i e n t  
( r )  as more var iab les  are added by t h e  screening process. 

I n  F igures  4 through 7, p a r t s  ( a )  and ( b )  i nc lude  t h e  sample po in ts  over 
bo th  l and  and water surfaces, wh i l e  p a r t s  ( c )  and ( d )  i nc lude  sample p o i n t s  
over land only. Par ts  ( b )  and (d )  o f  these f i g u r e s  are r e s t r i c t e d  t o  those 
sample p o i n t s  over which t h e  E f f e c t i v e  Rain Rate (ERR) was >O, i.e. p o i n t s  
a t  which r a i n  ( R )  was occur ing (as determined from t h e  radar charts!. 
P a r t s  (a )  and (c), however, inc luded a l l  sample p o i n t s  whether o r  not  r a i n  
was occur r ing  (R + NR).  
se lec ted  f i r s t  i n  most runs. 

The screenings show t h a t  t he  MFA2 v a r i a b l e  was 

I n  F igu re  4, A p r i l  8, 1986, t h e  MFA2 v a r i a b l e  was se lected f i r s t  i n  p a r t s  
(a), (b), and (d), w h i l e  MFAl  was se lec ted  f i r s t  i n  p a r t  ( c )  w i t h  MFA2 
second. Since p a r t  ( c )  contained p o i n t s  over land only, we suspect t h a t  
t h e  MFAl s e l e c t i o n  was due t o  a s t rong reduc t ion  o f  sur face e m i s s i v i t y  
caused by wet land areas where r a i n  had recen t l y  f a l l e n .  

I n  F i g u r e  5, J u l y  1, 1986, MFA2 was se lec ted  f i r s t  i n  a l l  f o u r  p a r t i t i o n s .  
The s e l e c t i o n  o f  t h e  second va r iab le  was mixed. 

I n  F igu re  6, October 24, 1986, MFA2 was se lec ted  f i r s t  i n  only p a r t  (c) .  
M F A l  was se lec ted  f i r s t  i n  p a r t s  ( b )  and (d) and TB2 was se lected f i r s t  i n  
p a r t  (a). Note t h a t  TB2 was t h e  second s e l e c t i o n  i n  p a r t s  ( c )  and (d). 

I n  F igu re  7, December 9, 1986, MFA2 was not  se lec ted  i n  any o f  t he  parts. 
T82 was se lec ted  f i r s t  i n  a l l  f o u r  parts. Reca l l  t h a t  a va r iab le  may not  
be se lec ted  simply because t h e  screening was h a l t e d  when t h e  F s t a t i s t i c  
reached 0.5. The s e l e c t i o n  o f  TR2 i n  t h i s  w i n t e r  case was no t  s u r p r i s i n g  
b u t  a p o s i t i v e  c o r r e l a t i o n  was unexpected. 
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F igu re  8 shows the  A p r i l  8, J u l y  1, and October 24, 1986 cases combined. 
Only t h e  cases over t h e  l and  are  shown. The MFAZ was se lec ted  f i r s t  and 
exp la ined near ly  a l l  o f  t h e  var iance o f  t h e  E f f e c t i v e  Rain Rate (ERR). 
t h e  302 cases o f  t he  (R + N R )  c lass,  t h e  cumulat ive c o r r e l a t i o n  c o e f f i c i e n t  
was 0.56. Th is  compares t o  t h e  0.67 va lue o f  t h e  94 cases o f  t h e  Rain on ly  
(R) c lass.  Hence, t h e  expla ined var iance was 45% f o r  t h e  R c lass  and 31% 
f o r  t he  (R + NR) c lass.  

I n  

As seen l a t e r  i n  Table 4, a s ign  reversa l  i n  t h e  c o r r e l a t i o n  between ERR 
and TB2 occurred i n  both the  October and December cases. The s ign  reversa l  
i s  p a r t i c u l a r i l y  s i g n i f i c a n t  i n  t h e  December case s ince i t  reveals  a 
weakness inherent  i n  t h e  present  MFA2 a lgor i thm.  Th is  weakness w i l l  be 
discussed l a t e r  i n  Sec t ion  3.3. 

3 . 2  

Table 3 shows the  r e s u l t s  o f  t h e  ERR values regressed on t h e  MFAE values. 
The h ighes t  c o r r e l a t i o n s  o f  0.66 and 0.67 were found i n  t h e  A p r i l  and J u l y  
cases when r a i n  was occu r r i ng  (R). For  these dates, i f  non-ra in ing p o i n t s  
a r e  combined w i t h  the  r a i n i n g  p o i n t s  (R + NR), then t h e  c o r r e l a t i o n s  are 
reduced t o  0.58 and 0.57, respec t ive ly .  

R e l a t i o n s h i 2  ---1_1-- Retween E f f e c t i v e  Rain Rate (ERR) and t h e  - 
Median F i l t e r  Anomaly ( M F U  

Thus i f  the  p o i n t s  over land f o r  t h e  s p r i n g  and summer cases are  con- 
s idered,  we see t h a t  t he  MFA2 a lgo r i t hm exp la ined more than 43% ( r 2 )  of t he  
ERR var iance when r a i n  was occurr ing.  Rut, t h e  expla ined ERR var iance was 
reduced t o  about 32% when non- ra in ing  p o i n t s  were included. Th is  f i n d i n g  
i n d i c a t e s  t h a t  t he  MFA2 a l g o r i t h m  i s  more s e n s i t i v e  when r a i n  i s  observed 
and t h a t  t he  a lgo r i t hm does conta in  some f a l s e  alarm p o t e n t i a l ;  i.e., t h e  
MFA2 values exceeded t h e  l . O ° C  t h resho ld  value, i n d i c a t i n g  p r e c i p i t a t i o n ,  
when i n  f a c t  none was observed. 
summer cases, a t  l e a s t  32% o f  t h e  r a i n  r a t e  i n fo rma t ion  was accounted f o r  
by t h e  MFA2 values. 

I n  t h e  October 24, 1986 ( f a l l )  case, t he  c o r r e l a t i o n s  were lower than i n  
t h e  s p r i n g  and summer cases. 
on l y  ( R )  and t h e  r a i n  p l u s  no r a i n  (R + NR) c lasses respec t ive ly .  Thus, 
on l y  about 18% and 10% o f  t h e  ERR var iance o f  t h e i r  respec t ive  c lasses 
cou ld  be exp la ined by t h e  MFA2 values. 

I n  t h e  December 9, 1986 ( w i n t e r )  case, t h e  c o r r e l a t i o n  between t h e  ERR and 
MFA2 was f u r t h e r  reduced. The p o s i t i v e  r e l a t i o n s h i p ,  i n  t h e  f i r s t  t h ree  
dates (seasons), disappeared t o t a l l y  and a smal l  negat ive r e l a t i o n s h i p  i s  
ind ica ted .  The ac tua l  r values were -0.12 and -0.04, respec t ive ly .  

Overa l l ,  we see t h a t  f o r  t h e  sp r ing  and 

Cor re la t i ons  were 0.42 and 0.32 f o r  t h e  r a i n  

Tables 5 through 10 show the  d i s t r i b u t i o n  o f  MFA2 values as a f u n c t i o n  o f  
ERR f o r  each date separate ly  and i n  combined sets. 
a r e  d i v i d e d  i n t o  fou r  standard Na t iona l  Weather Serv ice  (NWS) r a i n  r a t e  

Here, t h e  ERR values 
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categor ies:  HEAVY, MODERATE, LIGHT, and NO R A I N .  HEAVY was de f ined as ERR 
g rea ter  than 7.62 mm/hr, MODERATE as 2.54 t o  7.62 mm/hr, and LIGHT as l ess  
than 2.54 mm/hr. 
p l o t t e d  on the  radar  cha r t s  w i t h i n  the  MSU f o o t p r i n t .  

NO R A I N  was assigned t o  p o i n t s  where no echoes were 

I n  Table 5, o f  t he  81  f o o t p r i n t s  ( p o i n t s )  f o r  which data was analyzed on 
A p r i l  8, radar  cha r t s  i nd i ca ted  r a i n  was f a l l i n g  a t  18 p o i n t s  (22%) w h i l e  
no r a i n  was i n d i c a t e d  a t  63 o f  t h e  p o i n t s  (78%). Of the  18 r a i n  cases, 4 
o f  the  5 p o i n t s  i n  the  MODERATE and HEAVY c lasses showed MFA2 values 
grea ter  than 1 . 5 O K  o r  l a rge r ;  w h i l e  i n  the  LIGHT r a i n  category 5 o f  t he  13 
p o i n t s  showed negat ive  MFAZ values. 
values were genera l l y  negat ive.  
MFAZ values l a r g e r  than l °K .  

I n  the  NO R A I N  category, t he  MFA2 
However, two p o i n t s  i n  t h i s  catego 

The p o i n t  marked by the  "#"  symbol (MFA2=1.7K) was loca ted  a t  34.9N 
and was r e l a t e d  t o  an unf lagged sur face e l e v a t i o n  over the  Colorado 
i n  Arizona. A t  l e a s t  30% o f  t h i s  f o o t p r i n t  was loca ted  over e leva t  
above 1800 meters. The p o i n t  marked by the  "*" symbol (MFA = 1.3K) 

y had 

112w 
Plateau 
ons 
was 

loca ted  a t  31.8N 89.6W over nor thern  Miss iss ipp i . .  There was no e l e v a t i o n  
problem here, bu t  we suspect t h a t  f a l l i n g  r a i n  o r  c louds con ta in ing  l a r g e  
l i q u i d  water drops were associated w i t h  t h i s  p o i n t  a l though i t  was no t  
i n d i c a t e d  by the  radar  echo char ts .  

We note  t h a t  the  New Orleans radar  was ou t  f o r  maintenance a t  t h i s  time. 
The s i x  h o u r l y  synopt ic  p r e c i p i t a t i o n  c h a r t  (see F igure  3d) showed no 
measurable p r e c i p i t a t i o n  over the r e p o r t i n g  s t a t i o n s  i n  M i s s i s s i p p i ;  
however, the  GOES 6 c loud p i c t u r e  (F igu re  3c) showed an elongated overcast 
co ld-c loud- top over t h a t  area. 
1.3K MFAZ value was caused by p r e c i p i t a t i o n  t h a t  f e l l  between r e p o r t i n g  
s ta t i ons .  

Given these cond i t ions ,  we suspect t h a t  the  

An analyses o f  the the  r a i n  r a t e s  and the  v e r t i c a l  ex ten t  o f  the  radar  sum- 
mary c h a r t  echo-tops i n d i c a t e  t h a t  the  MFA2 a lgo r i t hm i s  most s e n s i t i v e  t o  
p r e c i p i t a t i o n  when the  r a i n  r a t e s  are  l a r g e  and the  echo-tops reach t o  t r o -  
popause heights .  These cond i t i ons  occur most f r e q u e n t l y  i n  the  sp r ing  and 
summer over the  Uni ted States when convect ion i s  most pronounced and r a i n  
r a t e s  are  very  high. 

The seasonal e f f e c t  i s  c l e a r l y  seen i n  Table 2, I n  the  December case, t h e  
e f f e c t i v e  r a i n  r a t e  averaged o n l y  2.89 m / h r  compared t o  7.96 mm/hr f o r  t h e  
A p r i l  case. Thus, the  A p r i l  ERR was 2.75 t imes l a r g e r  than t h e  December 
ERR. Echo-tops reached as h igh  as 56,000 f e e t  i n  the  A p r i l  case compared 
t o  o n l y  about 20,000 f e e t  over New York S ta te  (28,000 fee t  over nor thern  
Alabama) i n  the  December case ( n o t  shown). 

F i n a l l y ,  we found t h a t  t he  r e l a t i o n s h i p  between ERR and MFA2 was b e t t e r  
over land than over land and water  areas combined. A probable reason i s  

/ 
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t h a t  l a r g e  land-water temperature grad ien ts  (land-sea breeze thermal s t ruc -  
t u r e s )  e x i s t  a long coast l i n e s  and i f  these temperature grad ien ts  a re  suf -  
f i e n t l y  s t rong and deep enough, they i n f l u e n c e  t h e  TB2 values and thence 
t h e  MFA2 values. 

Fur ther ,  we see t h a t  t h e  r e l a t i o n s h i p  i s  b e t t e r  f o r  t h e  r a i n  c lass  than f o r  
t h e  no r a i n  p lus  r a i n  class. Th is  r e l a t i o n s h i p  r e s u l t s  because t h e  b r i g h t -  
ness temperatures o f  Ch 2 (TB2) i nc ludes  emission from t h e  warmer near- 
sur face boundary l a y e r  i n  t h e  r e l a t i v e l y  c l e a r  sk ies  o f  t h e  no r a i n  areas; 
but ,  i n  t h e  r a i n  areas, t he  Ch 2 br igh tness  temperatures (TB2) a re  reduced 
by r a i n - s c a t t e r i n g  coupled w i t h  the  supression o f  emission from the  warmer 
near-sur face boundary layer .  

The c o r r e l a t i o n  between ERR and MFA2 changed w i t h  r a i n  ra te.  Table 11, 
shows t h a t  t h e  c o r r e l a t i o n  w i t h  MFA2 increased as r a i n  ra tes  increased. 
The MFA2 i s  more l i k e l y  t o  de tec t  moderate and heavy ra in ,  (i.e., ERR 
g rea te r  than 2.54 mm/hr); whi le ,  i t  shows no a b i l i t y  (r=-0.04) t o  de tec t  
l i g h t  ra in ,  (i.e., ERR l e s s  than 2.54 mm/hr). The c o r r e l a t i o n  c o e f f i c i e n t s  
were .30 and .45 f o r  moderate and heavy e f f e c t i v e  r a i n  ra tes,  respec t ive ly .  

3.3 Re la t i onsh i  Between E f f e c t i v e  Rain Rate (ERR) and MSU Ch 2 B r igh tness  

As seen i n  t h e  screening regress ions o f  F igures  4 through 8, TR2 was not  
se lec ted  as an impor tant  v a r i a b l e  i n  i t s  r e l a t i o n s h i p  t o  ERR on e i t h e r  
A p r i l  8 o r  J u l y  1 dates. Resu l ts  were mixed f o r  t h e  October 24 date, w h i l e  
TR2 was the  f i r s t  va r iab le  se lec ted  on t h e  December 9 date. On i n d i v i d u a l  
cases over land, i t  was expected t h a t  TB2 would show markedly lower values 
under heavy r a i n  condi t ions.  However, i t  i s  c l e a r  from t h i s  study t h a t  t h e  
r e l a t i o n s h i p  between ERR and absolute values o f  TB2 i s  poor. 

Temperature + TR2) 

The c o r r e l a t i o n s  however, became p o s i t i v e  on t h e  October 24 and December 9 
dates reaching as h igh  as 0.42. The swi tch  i n  t h e  s ign  o f  t he  c o r r e l a t i o n  
c o e f f i c i e n t s  i n d i c a t e s  t h a t  t h e  abso lu te  values o f  the  Ch 2 temperature 
themselves (TB2) cannot be used t o  est imate p r e c i p i t a t i o n  and f u r t h e r ,  t h a t  
t h e  impor tant  f a c t o r  i s  t he  r e l a t i v e  decrease o f  TB2. 

Table 4 shows the  r e s u l t s  o f  t he  ERR values regressed on the  TB2 values. 
The h i  hes t  c o r r e l a t i o n  (r=-0.47) occurred on t h e  A p r i l  8 date, f o r  those 
f o o t p r  B n t s  a t  which Rain was f a l l i n g  (R). The c o r r e l a t i o n  was very low 
(-.Of5 and -.15) bu t  s t i l l  negat ive on t h e  J u l y  1 date. 

Table 4 a l s o  shows, as d i d  Table 3, t h a t  ERR va lue was 7.96 mm/hr f o r  t h e  
A p r i l  8 da te  and 2.89 mm/hr f o r  t h e  December 9 date. However, note t h a t  
t h e  c o r r e l a t i o n  f o r  t h e  f i r s t  t h ree  dates ( 3  o r b i t s )  was near zero (-.08). 
T h i s  i n d i c a t e s  t h a t  t h e  absolute values o f  TB2 themselves cannot be used 
t o  determine r a i n  areas o r  r a i n  rates.  
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By us ing  da ta  f rom t h e  A p r i l  8 case, i t  was found t h a t  about 64% (r=-0.8) 
o f  t h e  var iance o f  TB2 was exp la ined by i t s  l a t i t u d i n a l  g rad ien t .  Between 
l a t i t u d e s  30N-50N, the  TB2 decreased by about 0.5 K /  deg l a t i t u d e .  
t h i s  l a t i t u d i n a l  g rad ien t  was removed f rom t h e  TB2 f i e l d  and the  MFA2 then 
appl ied,  t h e r e  was no s i g n i f i c a n t  improvement i n  t h e  MFA2-ERR r e l a t i o n s h i p .  
Th is  i n d i c a t e s  an impor tant  f e a t u r e  o f  t he  three-row m a t r i x  o f  the  MFA 
a lgor i thm,  i .e., t h e  northernmost ( c o l d e r )  row i s  l a r g e l y  compensated f o r  
by  t h e  southernmost (warmer) row. 

When 

Thus, t h e  MFA a lgo r i t hm demonstrates t h a t  i t  i s  t h e  area l  anomaly o f  TB2 
t h a t  i s  impor tant .  To be successfu l  i n  d e t e c t i n g  p r e c i p i t a t i o n  w i t h  t h i s  
channel, any approach must be designed such t h a t  t he  anomaly (decrease i n  
TB2) caused by  p r e c i p i t a t i o n  i s  i s o l a t e d  f rom the  e x i s t i n g  background t h e r -  
mal emission. For t h e  cases examined i n  t h i s  study, t h e  MFA2 ( 3  x 3 )  
f i l t e r  served w e l l  t o  i s o l a t e  decreases of TB2 caused by moderate o r  heavy 
p r e c i p i t a t i o n .  

I V .  SUMMARY 

Of  t h e  four  MSU channels, channel 2 (53.74 Ghz) was the  most use fu l  channel 
i n  d e t e c t i n g  p r e c i p i t a t i o n  over land. 
(TB2) o f  channel 2 alone were n o t  s u f f i c i e n t  t o  de tec t  p r e c i p i t a t i o n ;  but ,  
a median f i l t e r  a lgo r i t hm (MFAZ),  which i s o l a t e s  p r e c i p i t a t i o n  induced 
decreases i n  TB2 f rom t h e  normal background r a d i a t i v e  temperature, showed 
t h e  h ighes t  c o r r e l a t i o n s  w i t h  e f f e c t i v e  r a i n f a l l  r a t e ,  

The br igh tness  temperature values 

The MFA2 va lue  was c o r r e l a t e d  w i t h  E f fec t i ve  R a i n f a l l  Rate (ERR) w i t h  
c o r r e l a t i o n  c o e f f i c i e n t s  o f  about 0.6 du r ing  the  s p r i n g  and summer cases; 
b u t  du r ing  the  w in te r ,  c o r r e l a t i o n s  were near zero. 

This  s tudy  concludes t h a t  p r e c i p i t a t i o n  i s  more e a s i l y  detected over land, 
w i t h  t h e  use of t he  53.74 GHz channel 2 v i a  the  MFA2 a lgor i thm,  du r ing  
s p r i n g  and summer when convect ion i s  s t rong  ( reach ing  t o  tropopause l e v e l s )  
and when r a i n  r a t e s  are  h igh.  

Because o f  t h e  v e r t i c a l l y  broad we igh t ing  f u n c t i o n  of MSU Ch 2, which peaks 
a t  about t h e  600 mb leve l ,  t he  MFA2 a l g o r i t h m  should no t  be used over moun- 
ta inous  areas where he igh ts  a re  above 1500 meters. The 1500-meter e leva-  
t i o n  f l a g  i s  c u r r e n t l y  i n  use and has been u t i l i z e d  i n  the  TOVS a lgo r i t hm 
s ince  1980. 

The present  MSU inst rument  w i t h  i t s  low r e s o l u t i o n  shows no s k i l l  i n  
d e t e c t i n g  r a i n  r a t e s  when they  are  l i g h t .  I n  add i t i on ,  the  a lgo r i t hm i s  
n o t  r e l i a b l e  when sur face  e leva t i ons  exceed 1500 meters; f u r t h e r ,  i t  should 
n o t  be used f o r  those f o o t p r i n t s  over coas ta l  areas where s t rong land-water 
thermal g rad ien ts  (seabreeze c i r c u l a t i o n s )  a re  suspected t o  extend h igher  
than one km i n t o  the  lower atmosphere. 



I n  t h e  cu r ren t  opera t iona l  procedure, t h e  r a i n  t e s t  f a i l u r e  i s  invoked and 
no  r e t r i e v a l  i s  ca l cu la ted  f o r  a p a r t i c u l a r  p o i n t  if the  MFA2 value exceeds 
0.8'K. As shown i n  Table 10, when the  MFA2 values were grea ter  than l.O°K, 
they  were c lus te red  i n  t h e  heavy and moderate ERR classes. 

Over non-mountainous land areas, t h e  s t a t i s t i c s  show t h a t  when the  MFA2 was 
p o s i t i v e  and 1.0'K o r  greater ,  t h e  ERR was grea ter  than 2.54 mm/hr. I f  t h e  
MFA2 was negat ive and l e s s  than -0.5'K, then there  was a t  l e a s t  a 93% 
chance t h a t  t he  ERR was less  than 2.54 mm/hr o r  t h a t  no r a i n  was occurr ing.  

Al though the  MFA2 a lgo r i t hm i s  marg ina l l y  use fu l  i n  d e r i v i n g  r a i n  ra tes,  i t  
does serve w e l l  t o  prevent cold-biased s a t e l l i t e  temperature r e t r i e v a l s  
f rom being ca l cu la ted  a t  those p o i n t s  where moderate o r  heavy p r e c i p i t a t i o n  
i s  occurr ing.  

F i n a l l y ,  w i t h  the  h igher  r e s o l u t i o n  and dual p o l a r i z a t i o n s  of t he  SSMI 
(Speci a1 Sensor M i  c r w a v e  Imager) and AMSU (Advanced M i  c r w a v e  Soundi ng 
U n i t ) ,  i t  i s  a n t i c i p a t e d  t h a t  a lgor i thms can be devised t o  b e t t e r  de tec t  
r a i n  ra tes  and t h e i r  a rea l  extent .  
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By us ing  da ta  f rom t h e  A p r i l  8 case, i t  was found tha t  about 64% (r=-0.8) 
o f  t h e  var iance o f  TB2 was exp la ined by i t s  l a t i t u d i n a l  g rad ien t .  Between 
l a t i t u d e s  30N-50N, the  TB2 decreased by about 0.5 K/ deg l a t i t u d e .  
t h i s  l a t i t u d i n a l  g rad ien t  was removed f rom t h e  TB2 f i e l d  and the  MFA2 then 
appl ied,  t h e r e  was no s i g n i f i c a n t  improvement i n  t h e  MFA2-ERR r e l a t i o n s h i p .  
Th is  i n d i c a t e s  an impor tan t  f e a t u r e  o f  t h e  three-row m a t r i x  o f  t he  MFA 
a lgor i thm,  i.e., t h e  northernmost ( c o l d e r )  row i s  l a r g e l y  compensated f o r  
b y  t h e  southernmost (warmer) row. 

When 

Thus, t h e  MFA a lgo r i t hm demonstrates t h a t  i t  i s  t h e  area l  anomaly o f  TB2 
t h a t  i s  impor tant .  To be successfu l  i n  d e t e c t i n g  p r e c i p i t a t i o n  w i t h  t h i s  
channel, any approach must be designed such t h a t  t he  anomaly (decrease i n  
TB2) caused by  p r e c i p i t a t i o n  i s  i s o l a t e d  f rom t h e  e x i s t i n g  background t h e r -  
mal emission. For t h e  cases examined i n  t h i s  study, t h e  MFA2 ( 3  x 3)  
f i l t e r  served w e l l  t o  i s o l a t e  decreases o f  TB2 caused by moderate o r  heavy 
p r e c i p i t a t i o n .  

I V .  SUMMARY 

Of  t h e  four  MSU channels, channel 2 (53.74 Ghz) was the  most use fu l  channel 
i n  d e t e c t i n g  p r e c i p i t a t i o n  over land. 
(TB2)  of channel 2 alone were n o t  s u f f i c i e n t  t o  de tec t  p r e c i p i t a t i o n ;  but ,  
a median f i l t e r  a lgo r i t hm (MFAZ), which i s o l a t e s  p r e c i p i t a t i o n  induced 
decreases i n  TB2 f rom t h e  normal background r a d i a t i v e  temperature, showed 
the  h ighes t  c o r r e l a t i o n s  w i t h  e f f e c t i v e  r a i n f a l l  r a t e .  

The b r igh tness  temperature values 

The MFA2 value was c o r r e l a t e d  w i t h  E f f e c t i v e  R a i n f a l l  Rate (ERR) w i t h  
c o r r e l a t i o n  c o e f f i c i e n t s  o f  about 0.6 du r ing  the  s p r i n g  and summer cases; 
b u t  du r ing  the  w in te r ,  c o r r e l a t i o n s  were near zero. 

Th is  s tudy  concludes t h a t  p r e c i p i t a t i o n  i s  more e a s i l y  detected over land, 
w i t h  t h e  use o f  t h e  53.74 GHz channel 2 v i a  t h e  MFA2 a lgor i thm,  du r ing  
s p r i n g  and summer when convect ion i s  s t rong  ( reach ing  t o  tropopause l e v e l s )  
and when r a i n  r a t e s  are  h igh.  

Because o f  t h e  v e r t i c a l l y  broad we igh t ing  f u n c t i o n  o f  MSU Ch 2, which peaks 
a t  about t h e  600 mb 'level, t he  MFA2 a l g o r i t h m  should no t  be used over moun- 
ta inous  areas where he igh ts  a re  above 1500 meters. The 1500-meter e leva-  
t i o n  f l a g  i s  c u r r e n t l y  i n  use and has been u t i l i z e d  i n  t h e  TOVS a lgo r i t hm 
s ince  1980. 

The present  MSU inst rument  w i t h  i t s  low r e s o l u t i o n  shows no s k i l l  i n  
d e t e c t i n g  r a i n  r a t e s  when they  are  l i g h t .  I n  add i t i on ,  the  a lgo r i t hm i s  
not r e l i a b l e  when sur face  e leva t i ons  exceed 1500 meters; f u r t h e r ,  i t  should 
n o t  be used f o r  those f o o t p r i n t s  over coas ta l  areas where s t rong land-water 
thermal g rad ien ts  (seabreeze c i r c u l a t i o n s )  a re  suspected t o  extend h igher  
than one km i n t o  t h e  lower atmosphere. 
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Figure 2 .  Example of MSU2 br igh tness  temperature (TB2) a r r a y  
used t o  c a l c u l a t e  t h e  Median F i l t e r  Anomaly (MFA2) 
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Figure 3a. MSU f o o t p r i n t s  ( I F O V )  for 0056 GMT April 8 ,  1986 

Figure 3b. Radar echo summary chart  for 0635 GMT Apri l  8 ,  1986 
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Figure 3c. GOES 6 infrared image 0100 GMT April 8, 1986 

Figure 3d. S i x  hourly prec ip i ta t ion  06 GMT A p r i l  8, 1986 
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Figure 4. Correlation of Effective Rain Rate (ERR) with MSU variables for 0056 GMT Apr 8, 1986. 
Abscissa shows order of variable Selection Using forward stepwise regression method 
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Figure 5 .  Same as Figure 4 except for 1 2 4 5  GMT July 1, 1986 
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Table 1. Radar-echo level ( V I P  number) conversion 
to rain rate. 

Rainfall Rate 
Echo-level Echo Convective* 
(VIP number) Intensity (mm/hr) ........................................... 

1 1 ight 2 . 5  
3 heavy 41.9 
5 intense 147.3 

1.6 
* Based on the relationship Z = 5 5 R  

R - Rain NOTE: X = Not selected by stepvise regression 
* = Significant 5% level ** = Signfflcant la level 

NR = NO rain 

22 



NOTE: Slgnlficant S t  level R = Rainlng 
* *  Significant 1\ level NR = Not Raining 

NOTE: Slgnlflcant 58 level R = Rainlng 
* *  Significant 1\ level HR = Not Raining 
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Table 5. Distribution of Ch 2 Median Filter Anomaly (MFA2) 
as a function of Effective Rain Rate (ERR) for 
0056 GMT April 8, 1986. 

+--------+----+----+----+----+----+----+----+----+----+---- + 

ERR 
+--------+----+----+----+----+----+----+----+----+----+---- + 
I F(%) llO:%l :% 1 :%I :%I :%I :%I :%I 6;%1 + +--------+----+----+----+----+----+----+----+----+----+---- 

HEAVY 

I M o : ~ ~ J i o % )  0011 :a I !AI :%I &I :%I :%I :%I AI 

+--------+----+----+----+----+----+----+----+----+----+---- li%l AI o"0 1 2 A l  AI :%I 2 A l  :%I :%I :%I + 1 
+--------+----+----+----+----+----+----+----+----+----+---- + 

NORAIN 1 63 I 4 I 6 I 18 1 18 I 13 1 :%I ::I ;:I :%I I F(%) 100% 6% 10% 29% 29% 21% 
+--------+----+----+----+----+----+----+----+----+----+---- + 

+--------+----+----+----+----+----+----+----+----+----+---- + 
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MFAZ 
n 

Distribution of Ch 2 Median Filter Anomaly (MFA2) 
as a function of Effective Rain Rate (ERR) for 
2005 GMT December 5, 1986. 
----+----+----+----+----+----+----+----+----+---- + 

< 

n 
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Table 11. Effective Rain Rate (ERR) values regressed on Ch 2 
Median Filter Anomaly (MFAZ) values for each ERR 
class. Samples are for Apri l ,  July, and October, 
1986 cases combined. 

i 
* 6 3  I 2 5 4 * 7  I 

i E R R C U S S i  N i A i B i r i s i ERR i TB2 
m / h r  (ave) (ave) 

+---------+------+------+------+------+------+-------+------- + 
LIGHT I 6 4  I . 6 3  I - . 0 6  I - . 0 4  1 . 5 8  1 
0 - 2 . 5 3  

+ 
MODERATE I 1 2  1 4 . 2 6  I . 5 5  I .30 1 1 . 7 2  I 4 . 5 1  1 2 5 5 . 6  I +---------+------+------+------+------+------+-------+------- 

12 .54 -7 .62  
+---------+------+------+------+------+------+-------+------- + 

I 
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