
Pl udi x i s  a r ai ngage- di sdr omet er  based on t he anal ysi s of  
an X- band Cont i nuous Wave r adar  si gnal  backscat t er ed by 

hydr omet eor s.  The Doppl er  shi f t  of  t he i ndi v i dual  f al l i ng 
par t i c l e,  whi ch i s  supposed t o r andoml y cr oss t he r adar  

vol ume,  i s  det ect ed.  The 2048 r eadi ngs of  t he s i gnal  ar e 
i nver t ed t o gener at e a hydr omet eor  s i ze di st r i but i on 

subdi v i ded i nt o 21 bands.  Pl udi x oper at es i nt egr at i ng 60-
sec.  backscat t er ed s i gnal  and so i t  pr ovi des a mor e 

det ai l ed i nf or mat i on wi t h r espect  t o t he cl assi cal  t i ppi ng 
bucket  r ai n gage.  Mor eover  i t ' s possi bl e t o det ect  t he 

act ual  r ai nf al l  r at e as an i ndi r ect  pr oduct .
Si nce Sept ember  1999 t he i nst r ument  has been i n oper at i on 

asi de wi t h a t i ppi ng bucket  and a wei ght i ng scal e r ai n 
gauge downt own Bol ogna.  Mor e t han 200 r ai nf al l  event s have 

been det ect ed and subgr oup of  21 event s has been 
i nvest i gat ed.  The spect r al  i nt ensi t y of  t he s i gnal  i s 

anal ysed wi t h di f f er ent  al gor i t hms f or  bot h t i me 
var i abi l i t y and pr eci pi t at i on t ype.

A net wor k of  Pl udi x seems t o be t he r i ght  t ool  f or  
i nvest i gat i ng t he space var i abi l i t y of  r ai n i n addi t i on t o 

t i me var i abi l i t y.
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Pl udi x( PLUvi omet er - Di sdr omet er  X- band l ow power  
doppl er  r adar )  i s a mul t i f unct i onal  i nst r ument  f or  

moni t or i ng and char act er i z i ng at mospher i c 
pr eci pi t at i on on t he gr ound wi t h hi gh sensi t i v i t y  

and f ast  r esponse.  Thr ee di f f er ent  connect i ons 
( di r ect  RS232,  modem and et her net )  gr ant  r emot e 

connect i ons t o t he cent r al  syst em.  I t  can be 
oper at ed aut omat i cal l y  and has l ow mai nt enance 

r equi r ement s.
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200 episodes have been recorded in the time period from 
February to May 2000. 
A preliminary classification of selected groups has been 
performed using internal criteria since radar data were not 
available and synoptic situation too long to deal with for the 
many episodes. 
The four classes were:
stratiform rain (rain rate intensity less than 10 mm/h, total  
number of  drops  larger than  3.5 mm  less than 10% total 
detected droplets);
convective rain (rain rate greater than 10 mm/h);
mixed rain (both previous criteria are satisfied during  the event 
evolution);
heavy rain with hail (presence of signal greater than -15dB and 
relative maximum in the hail zone).
time evolutions of intensity and drop size distributions are 
investigated and discussed. 
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The exami nat i on of  dat a f r om 200 event s shows t he capabi l i t y of  Pl udi x i n 
ev i denci ng t he r ai nf al l  i nt ensi t y and si ze di st r i but i on t i me evol ut i on.  Thi s 
al l ows a char act er i sat i on of  r ai n f r om di f f er ent  pr eci pi t at i ng syst ems.
Cor r el at i on bet ween Pl udi x  dat a and t i ppi ng bucket  dat a i s shown,  wi t h good 
cor r espondences f or  s t r at i f or m r ai n,  mi xed r ai n and par t  of  convect i ve 
epi sodes.  Not e t hat  t he l at t er  devi at es f r om t he cor r ect  t r end f or  t he 
epi sodes i n whi ch t he t i ppi ng bucket  was i n over f l ow.
Because of  t he oddi t y of  hai l  and snow event s i n Bol ogna,  t hi s st udy has been 
most l y  l i mi t ed t o t he r ai nf al l  det ect i on.  The same concept s ar e easi l y 
ex t ended t o any ot her  t ype of  hydr omet eor s ( hai l ,  gr aupel ,  snow et c . ) .  At  t he 
moment ,  however ,  i t ' s  poss i bl e,  even i f  t he syst em i s  set  t o r ai n det ect i on,  
t o di scr i mi nat e i n r eal  t i me an event  wi t h snow,  hai l ,  or  r ai n,  or  event s 
wi t h mi xed hydr omet eor s,  maki ng Pl udi x an aut omat ed “ met eo sent i nel ” .
Fi nal l y,  t he syst em i s  par t i cul ar l y sui t abl e f or  s i mul t aneous cont r ol  on 
l ar ge r emot e ar eas,  l et t i ng t he oper at or  i nvest i gat e space var i abi l i t y as 
wel l  as t i me- var i abi l i t y of  t he event .

PLUDIX pat ent  number :  MI 99A 001 906
PLUDIX i s manuf act ur ed j oi nt l y by ADA sr l  

and NUBI LA sas,  Bol ogna.  For  or der s or  
i nqui r i es addr ess t o nubila@iol.it

http://users.iol.it/nubila
http://users.iol.it/plud_en.htm

��
��� ���
������������	������	
����
����
����� ���
�������� �	������

z

x

 v

R1 R2

T R

D

The ant enna di agr am i s bot h cal cul at ed and 
measur ed.

Radi at i on scat t er ed i n di r ect i on of  R by t he 
f al l i ng dr op i s ampl i f i ed.  R det ect s t he doppl er  
phase- shi f t  whi ch i s f unct i on of  dr opl et  
posi t i on,  si nce i t  depends on t he vel oci t y 
component  i n t he R2 di r ect i on.

The scat t er i ng di agr am i s cal cul at ed f or  a 
r el at i vel y l ar ge number  of  dr op s i ze cl asses 
usi ng a T- Mat r i x  code.

For  each s i ze c l ass,  i nst ead of  a nar r ow l i ne at  
a gi ven f r equency,  we have a bel l - shaped s i gnal .
Due t o t he r ai n 
pol ydi sper si on t he r ecei ved 
s i gnal  i s  an envel op of  
bel l s  wi t h each s i ze c l ass 
cont r i but i ng i n r el at i on 
wi t h t he di st r i but i on 
f unct i on.

For  t he i nver si on pr obl em 
sol ut i on advant age i s t aken 
by known r el at i onshi ps and 
hypot heses:

-  Gunn & Ki nzer  empi r i cal  
l aw i s used t o connect  f al l  
vel oci t y wi t h dr op si ze

-  st at i s t i cal  hypot hesi s i s  made t hat  dr opl et s 
have equal  pr obabi l i t y  of  f al l i ng on hor i zont al  
sur f ace above t he i nst r ument .

The i nver si on pr obl em i s r educed t o i nver t i ng a 
squar e mat r i x .

As r esul t  of  t he i nver si on,  a dr op s i ze 
di st r i but i on i s  det er mi ned.

Rai nf al l  i nt ensi t y,  t hr ough dr op concent r at i on,  i s  
r el at ed t o t he i nt ensi t y of  t he si gnal ,  
accumul at ed i n a gi ven t i me i nt er val  ( 1 mi nut e i n 
our  case) .

Triangles are convective episodes, squares are mixed, and 
polygons are stratiform. Dashed line is the linear regression of 
stratiform events, dotted line is the same for mixed rainfall. 
Non correspondence of three triangle is attributed to tipping 
bucket overflow.
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Typical time evolution of a convective and stratiform episodes

Mi xed event s

File name Integrated
tipping
bucket

Integrated
Pludix

Time
length

growing stage decreasing  stage

mm mm min. (mm/h)/min (mm/h)/min
40200 .72 1.11 24 4 -4
41700 .6 .91 14 5 -3
42800 6.0 5.26 80 5 -5

St r at i f or m event s

File name Integrated
tipping
bucket

Integrated
Pludix

Time
length

growing stage decreasing  stage

mm mm min. (mm/h)/min (mm/h)/min
20212 2.88 2.03 128 5 -5
30117 2.04 2.10 107 3 -2.5
32400 2.52 2.25 110 1 -1
32910 1.56 1.29 58 2 -2
40100 .96 .59 36 2 -2
40300 1.44 1.11 33 1 -1
40609 1.08 .85 21 3 -3
40900 2.28 1.52 157 1 -1
42400 1.56 1.33 24 7 -5
50700 .84 .86 78 1 -1

Convect i ve event s

File name Integrated
tipping
bucket

Integrated
Pludix

Time
length

growing stage decreasing  stage

mm mm min. (mm/h)/min (mm/h)/min
30200 0.6 .70 6 15 -7.5
32813 15.72 10.3 71 12 -20
32900 1.44 1.62 11 20 -20
41100 4.92 5.06 59 15 -12
42900 .84 .93 17 15 -15
50200 1.56 5.879 4 150 -50
50214 3.84 21.88 7 300 -200
51000 2.28 9.11 8 100 -50


