
  

R ADAR  QPE  AN ALY S IS  OF AN  E X TR E M E  
R A IN FALL

E V E N T IN  THE  R E G ION  OF V E N IC E

Introduc tion

•  Info rm a tion on re a l-t im e  d is trib ut ion a nd  s hort-te rm  fo re ca s t ing o f pre cipita t ion is  a  crucia l input  fo r c iv il de fe nce  a ct iv it ie s .
•  C-ba nd ra da rs  ha ve  the  ca pa b ility  o f m onitoring pre cipita t ion with high s pa t ia l a nd  te m pora l re s o lut ion.
•  The  pre s e nt  s tudy  s hows  the  a pplica t ion o f ra da r ca pa b ility  to  a n e xtre m e  e ve nt  occurre d  in the  a re a  s urrounding Ve nice  on the  26 S e pte m b e r 2007.
•  Within a  fe w hours  40%  o f the  to ta l a nnua l pre cipita t ion a m ount wa s  re corde d .
•  R a inga uge s  m e a s ure d  m a xim um  va lue s  o f 260.4m m  (Me s tre  ra in s ta t ion) a nd 324.6m m  (Va lle  Ave rto  ra in s ta t ion) in le s s  tha n 12h.  
•  HDS S  QPE s um s  s howe d to  be  a b le  to  de live r good  a re a l pre cipita t ion e s t im a t ion e ve n during e xtre m e  ra infa ll.
•  A firs t  a na ly s is  o f ra da r da ta  s ugge s ts  tha t  pre cipita t ion a m ount fa lle n could  be  loca lly  e ve n la rge r tha n tha t  re corde d  by  ra inga uge s .
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It  is  we ll-known tha t  info rm a tion on re a l-t im e  d is tribut ion a nd s hort-te rm  fore ca s t ing o f pre cipita t ion is  a  crucia l input  fo r c iv il de fe nce  
a c t iv it ie s .
S e ve ra l proce dure s  a re  ba s e d  on pre de fine d  thre s ho ld  va lue s  re la te d  to  re corde d  ra inga uge  da ta . In this  fra m e work a  que s t ion ca n a ris e :  
”Could  we a the r ra da r pla y  a  ro le , to  b ring into  a ccount  tha t  it  ha s  a  unique  ca pa b ility  o f m onitoring pre cipita t ion with high s pa t ia l a nd  
te m pora l re s o lut ion?”.  The  pre s e nt  s tudy  de a ls  with s uch kind  o f cons ide ra t ions  in conne ct ion with a n e xtre m e  e ve nt  occurre d  in the  
e a s te rn a re a  o f the  Ve ne to  R e gion (F ig . 1). F urthe rm ore  s om e  lim its  re la te d  to  pre cipita t ion e s t im a t ion by  we a the r ra da r a re  cons ide re d , 
firs t  o f a ll a t te nua t ion s uffe re d  b y  C-ba nd ra da r whe n s trong ra in occurs . It  is  we ll-known tha t  dua l po la ris a t ion ca n be  a  s ignifica nt  a dde d  
va lue , but  the  pre s e nt  ca s e  wa s  m onito re d  b y  a  couple  o f “conve ntiona l” ra da rs  from  d iffe re nt  s pa t ia l loca t ions , i.e . d iffe re nt  “po ints  o f 
v ie w”.

The  m a in po ints  o f the  pre cipita t ion e ve nt  we re :
 • low le ve l conve rge nce , with s trong s outhe a s te rly  winds  on the  s e a  a nd s hore line  a nd 

m ode ra te  to      s trong northe a s te rly  winds  inla nd  ke pt  the  s y s te m  s ta t iona ry ;
 • a dve ct ion o f ve ry  hum id  a nd  wa rm e r a ir from  the  s e a  tha t  contribute d  to  e nha nce  

ins ta b ility ;  
 • m ode ra te  s he a r s upporte d  the  m ult ice ll o rga niza t ion o f the  conve ct ion;
 • m ode ra te  m e dium  tropos phe re  winds  (3000-5000m ) s upporte d  cont inuous  

re ge ne ra t ion o f cum ulonim bus  c louds  in the  s a m e  a re a  (fla nking line );
 • d ive rge nce  in the  le ft-e xit  re gion o f the  je t  s tre a m  a t  high le ve ls  e nha nce d  the  

conve rge nce  in the  low le ve ls .

F ig . 1:  Ve ne to  R e gion in
Northe a s te rn Ita ly

The  pre c ipita t ion a re a  is  cha ra cte rize d  by  good  ra da r v is ib ility  (fla t  pla ne  without  be a m  b locking e ffe cts ). E xce pt  fo r a na prop e ffe ct  in the  winte r s e a s on, 
c le a rly  no t  s ignifica nt  fo r pre s e nt  s tudy , the  QPE  by  ra da r a re  quite  good .
A c lim a to logica l s tudy  ba s e d  on s ix m onths  da ta  s e t  s hows  a  m e a n ra da r to  ga uge  ra t io  o f 1.1 – 1.5 for this  a re a .
Ge ne ra lly  it  is  no t  a  corre ct  thing to  a pply  c lim a to logica l a s s e s s m e nt  fa cto rs  to  e xtre m e  e ve nts , howe ve r in this  ca s e  “the  re s ults  a re  no t  s o  ba d” (s e e  F igg. 
6, 7, 8).
S ingle  po int  ra da r va lue s  a nd a  3 x 3 km  a re a l va lue s  we re  com pa re d , confirm ing a  good  m e a n a s s e s s m e nt  fa ctor (ra da r/ra inga uge  ra t io ) during this  e ve nt . 
F ig . 6 s hows  24h pre c ipita t ion a ccum ula t ion from  ra da r a ga ins t  co rre s ponding ra inga uge s  va lue s . S y s te m a tic  e ffe cts  a re  no t  v is ib le . In m ore  de ta il, F ig . 7 
s hows  hourly  pre cipita t ion from  ra da r a nd ra inga uge s  in the  urba n a re a  o f Me s tre , whe re  pe ople  e xpe rie nce d  flood ing. Be s t  a gre e m e nt  is  v is ib le  during the  
pha s e s  o f we a k pre cipita t ion while  a t te nua t ion e ffe cts  a re  no t ice a b le  with he a vie s t  pre c ipita t ions  (in the  inte rva l 06-07 UTC). In this  t im e  inte rva l the  
m a xim um  3km x3km  a re a l va lue s  com pa re  be t te r with ga uge  va lue s  tha n the  corre s ponding s ingle -pixe l va lue s . The  s a m e  is  ob s e rve d  for the  Va lle  Ave rto  
ra in ga uge  s ta t ion (s e e  F ig . 8). 
A qua lita t ive  a na ly s is  o f s ingle  ra da r a nd o f com pos ite  im a ge s  wa s  ca rrie d  on e xpe cia lly  to  e s t im a te  the  e xte nt  o f a t te nua t ion due  to  he a vy  pre c ipita t ion. 
F o r this  a im  it  is  im porta nt  to  po int  out  tha t  the  Te o lo  ra da r a nd  the  Concordia  S a git ta ria  ra da r a re  pla ce d  on the  oppos ite  s ide s  o f pre cipita t ion a re a  (s e e  
white  do ts  on F igure  9).
AR PAV-HDS S  (Hydrom e t  De cis ion S upport  S y s te m ) a lgorithm s  we re  us e d  to  e la bora te  a nd com pos ite  the  s ca ns  com ing from  the  two  ra da rs . VPR  corre ct ion 
wa s  a ls o  us e d  to  e xtra ct  pre cipita t ion a t  lowe r le ve ls . The  re s ult  wa s  a  ground  pre cipita t ion fie ld  with a  1km  x1km  grid  s pa ce , re porte d  in F igure  9, whe re  
24h pre cipita t ion a ccum ula t ion output  from  HDS S  is  s hown; ne a re s t  ra inga uge s  a re  s upe rim pos e d  a s  cros s  s ym bo ls . Bo th from  s ingle  ra da rs  a nd from  
m e rge d  products , the  pos it ioning o f re fle ct iv ity  m a xim um  did  no t  co inc ide  with ra inga uge s  (s e e  da rk a re a  on F ig . 9). This  m e a ns  tha t  proba b ly  the  e xtre m e  
e ve nt  o f 26 S e pte m be r 2007 wa s  a s s ocia te d  with loca lize d  ra infa ll va lue s  tha t  we re  e ve n highe r tha n thos e  re corde d  by  the  ga uge s .
A m ore  de ta ile d  a na ly s is  o f ra da r/ga uge  be ha viour will b e  ca rrie d  on in a  future  work. 

F ig . 7:  Hourly  pre cipita t ion in Me s tre  urba n a re a
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Valle Averto - hourly precipitation

0

20

40

60

80

100

120

140

1 2 3 4 5 6 7 8 9 10 11 12 13

Time UTC

m
m

gauge

radar point

3kmx3km
radar min
3kmx3km
radar max
3kmx3km
radar mean

F ig . 2 a nd 3:  R e fle ct iv ity  o f the  Te o lo  ra da r PP I 0.8°  for 
00:40UTC a nd ve rt ica l s e ct ion a long A-B  s e gm e nt

F ig . 4:  R e fle ct iv ity  o f the  Te o lo  
ra da r a t  08:50UTC s howing the  m ult ice ll 
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Spazializzazione con Kriging senza nessun aggiustamento per quota/esposizione

F ig . 8:  Hourly  pre cipita t ion in Va lle  Ave rto  a re a .

F ig . 6:   Da ily  pre cipita t ion;  ra da r a ga ins t  ra inga uge s  va lue s
F ig . 9:  24h ra da r pre cipita t ion a ccum ula t ion with 
the  two  ra da r pos it ions  (white  do ts ) a nd the  
ne a re s t  ra inga uge s  (white  cros s e s ).

The  m a in e ffe cts  o f the  e ve nt  we re  the  ve ry  high ra infa ll ra te s  a nd  la rge  a m ounts  o f pre cipita t ion a ccum ula te d  in s hort  t im e  inte rva ls  on a  loca lize d  a re a  
on the  ce ntra l-s outhe rn coa s t line  o f Ve ne to . It  is  c lo s e  to  Ve nice  a nd de ns e ly  popula te d  s o  tha t  m a ny  pe ople  e xpe rie nce d  the  e ffe c ts  o f floods  in urba n 
a re a s . F ig . 5 s hows  the  is o line s  o f to ta l da ily  pre cipita t ion m e a s ure d  fo r the  da y  o f 26 S e pte m b e r 2007 by  161 AR PAV ra inga uge s  in Ve ne to , which we re  
no t  corre cte d  fo r s trong wind  tha t  ca n le a d  to  s ignifica nt  unde re s t im a tion. 

F ig . 5:  Da ily  pre cipita t ion 
a ccum ula t ion for 26 
S e pte m be r 2007 fo r Ve ne to , 
ba s e d  on the  161 ra inga uge s  
AR PAV ne twork

10th Plinius Conference
on Mediterranean Storms 
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22 – 24 September 2008 

The  s ynopt ics  o f 26 S e pte m be r 2007 wa s  cha ra cte rize d  by  a  s urfa ce  low on the  Gulf o f Ge noa  a nd a n uppe r 
trough a dve ct ing co ld  a ir from  North E urope  towa rds  the  Alps . This  s ce na rio  le d  to  s trong ins ta b ility  condit ions  
in the  e a s te rn a re a  o f Ve ne to  R e gion. 

F or m a ny  hours  bo th low-toppe d  s upe rce llula r (F ig . 2 a nd  3) a nd m ult ice llula r (F ig . 4) 
s y s te m s  re ge ne ra te d  cont inuous ly  on the  a re a  ca us ing la rge  a m ounts  o f ra in 
a ccum ula t ions .
La te r in the  m orning the  s y s te m s  s ta rte d  to  e vo lve  m oving e a s twa rds  a nd s howing 
progre s s ive ly  de cre a s ing ra in ra te s .

Overview  of the 26th S eptember 2007 event

R adar data  ana lys is

C onc lus ions
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