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15 OCTOBER 2015

FLOOD in the BENEVENTANO

HOME - ITALIA MONDO - MALTEMPO. ALLUVIONE A BENEVENTO, DUE...

Maltempo. Alluvione a Benevento,
due morti

Esondaro il fitume Calore, la citra é allagata. Ieri tre virrime nel centro

Iralia. Continua ia perturbazione sul centro-sud Iralia, nubifragi in
Sicilia e in Puglia

15 ottobre 2015 =,

b4

Precipitation remote sensing



FLOOD in the BENEVENTANO
The same story ....
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1949
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WHAT TO DO?

Conceptual diagram
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PRESENTATION

Skeleton

RAINFALL REMOTE SENSING

® Principles of elecromagnetic remote sensing
® Inverse and forward problems
® Precipitating clouds

SATELLITE METEOROLOGY

® Principles of satellite remote sensing
® Research aspects on modeling and inversion

RADAR METEOROLOGY

® Principles of weather radar meteorology
® Research aspects in complex orography

PRECIPITATION EXTREMES AND CLIMATOLOGY

® Extreme case study analysis
® Reanalysis and trends
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RAINFALL REMOTE SENSING

Principles
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RAINFALL REMOTE SENSING

Inverse problem

Rainfall product
InverSion *Training data set
. *A priori information
algorlthm *Ancillary data
Pre *Geo-location
00 . Calibration
° ' . processing *Filtering
0 0 © o I
Ty(z,1,Q2), Z.,(z,£,Q0)
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RAINFALL REMOTE SENSING

Forward problem

Rainfall microphysics

!

*Shape
. Hydrometeor *Composition
1 e.m. diffusion |:Size distribution
*Orientation

!

° 7 " o o'y © ) 0 z, f,Q,IO Radiative *Surface emissivity

Meteo environment

% 0® o.o 0 .oo 6] 0 0 transfer *Cloud structure
oo'o.'.o'o". 1

Ty(z,1,Q2), Z.,(z,£,Q0)
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PRECIPITATING CLOUDS

Role and characteristics

e Hydrological cycle and budgets
* latent heat release and evaporation
 Earth-radiation, sea-salinity and soil-humidity
e Stratiform and cumuliform
e Nimbostratus (7 melting process)
e Cumulonimbus (7 convective process)
e Time and space scales of rain

e depending on cloud genus and system
°* micro, meso and macro spatial scales

Precipitation remote sensing



PRECIPITATING CLOUDS

Time and space scales

CHARACTERISTIC TIME
1 day- 1 month | 1 hour — 1 day | 1 hour — 1 minute
200 -2000 km |- Fronts Meso-a scale
- Hurricanes
H (tens of days)
O| 20-200km - Squall lines Meso-f scale
R - Cloud clusters
| - Mountain and
Z lake disturbances
o (2 hours to 1 day
N 2-20 km - Thunderstorms | Meso-y scale
T (tens of minutes to
A hours)
L 0.2-2km - Tornadoes Micro-a scale
- Deep convection
(few minutes to 1
S hour
g 0.02- 0.2 km T hermals Micro-p scale
L (few minutes)
g| 0-001-0.02 km - Plumes Micro-y scale
- Turbulence
(less than a
few minutes)

Precipitation remote sensing 10



PRECIPITING CLOUDS

Stratiform process

Cloud Top

= 4-7km / %& </(>> Ice formation —— —{— \

= Aggregation 1 km
o (0°C > <
T _ |05 1km
? ’ ? Rainfall ?‘ ’
J
Surface —
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PRECIPITING CLOUDS
Ice crystals

As for droplets (condensation/evaporation), ice crystals can initially grow by vapor deposition and evaporate by sublimation.
The probability of presence of ice particles in a cloud increases with decreasing temperature below zero.
At -10°C the probability to find ice is around 50%, while at -20 °C it raises to 95%.

Main ice crystal shapes are: (a) columnar or prismatic, (b) disc, (c) dendrite
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PRECIPITATING CLOUDS

Convective process

Updrafts Downdrafts Dissipation
~10-15 km
height -
Particle
trajectory N
Surface
Evolution

time
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PRECIPITATING CLOUDS

Graupel particles

GRAUPEL FORMATION BY RIMING
*Ice crystals fall through supercooled cloud
droplets

*Supercooled droplets, that hit ice crystals,
freeze to it

*Eventually the frozen droplet can hide the
original shape

*Due to strong updrafts, hailstones can form

Natural graupels (boxes are 2 mm on a side)

Precipitation remote sensing 14
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POLAR ORBIT LOW-INCLINATION
f ORBIT

’f

GEOSTATIONARY
ORBIT

Orbit geostazionary: 36000 km
Orbit near=polar: 600-800 km
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SATELLITE METEOROLOGY

Geo-stationary (GEO)

GOES-8

e Orbit specifications
- satellite height : ~36000 km
* revolution period: 24 hours

e Temporal sampling
* high repetition
— every half an hour or less
e Spatial resolution

« |ow

— at thermal IR band, about 5 km at
mid-latitudes

— at MW band, more than 100 km at
mid latitudes !!!
e Coverage GMS-5

« partial

— high latitude and polar regions
excluded

Meteosat-5

Fenyun—z
Elektro

Precipitation remote sensing



SATELLITE METEOROLOGY

Low-Earth Orbit (LEO)

e Orbit specifications
+ height: 600 to 1000 km Examples of meteorological platforms:

© period: ~100 minutes NOOA-K, DMSP, TRMM, ADEOS, AQUA

* inclination: 35° to 100°
e Temporal sampling

= s S ™ oy P -

* low repetition _ " : " #"’ *"’ &
— swath: 100 to 3000 km ~ ﬁ“m-m
IIMIITIIITI

— 12 hours to 26 days
e Spatial resolution

* low to high
— VIS-IR: 10 m to 1 km
— MW: 5to 60 km

e Coverage

« global

— best near poles for sun-
synchronous orbit

Precipitation remote sensing



SATELLITE METEOROLOGY

Microwave & Infrared radiom.

e Microwave channels e Infrared channels
e Window frequencies * Window wavelengths
— 10, 19, 37 and 85 GHz =8 to11 um

e MW radiometers on LEO sat. e IR radiometers on GEO sat.

e Special Sensor Microwave Imager ’ ‘s’::sal::ﬁr:;f;:;ei::a::i{.\ﬂSSR)

(SSM/T) on DMISP (from 1987) on METEOSAT

* TMI on TRMM (from 1997) e From 2002 Meteosat Second
e AMSU-A on NOOA-K (from 1998) Generation (VISG)

Precipitation remote sensing 19



SATELLITE METEOROLOGY
Radiative transfer model

,/’ TA: antenna temp.
DS T JN e Tg: brightness temp.
o / e D: antenna directivity
S P e £~10,19,37,85 GHz
/’a ,/’/ f quVOf 0=0° to 50°
o @ © /,’ / Be
— -’ o
e o X Yo ®
e i e @ e
e -« o 6]
’/Q/ '.\ (©) © ° °® (©)
O @ o o ® e
-, 0}
BS:esEr]E:‘SEE;/'/E/E.EEE.E.E’EEEg;gEE.EE.EEE.EE.EE:EEQEEEEEEEEEEE
e.: surface emissivity Tge: emission Ty
T,:surface temperature Tgms: Multiple scattering Ty

Precipitation remote sensing



SATELLITE METEOROLOGY

Case study by MW radiometry

SSM/I 85-GHz radiance image [K] Surface rainfall rate [mm/h]

October 6, 1998

Precipitation remote sensing 21



SATELLITE METEOROLOGY

Meteosat Second Generation




SATELLITE METEOROLOGY

“a
(& EUMETSAT Meteosat MSG
Visible spectrum 0.5-0.9 0.75 um broadband
0.56-0.71
0.74-0.88
1.50-1.78
Water vapor 6.4 5.35-7.15
spectrum 6.85-7.85
Infrared windows 11.5 3.48-4.36
8.30-9.10
9.80-11.80
11.0-13.0
Pseudo-sounding 9.38-9.44
12.4-14.4
Sampling distance 2.25-km (visible) 1-km (hi-res visible)
4.5-km (others) 3-km (others)
On-Earth pixel resolution 2.25-km (visible) 1.4-km (hi-res visible)
5-km (others) 4.8-km (others)
Update cycle 30-minutes 15-minutes

Precipitation remote sensing

Meteosat geostationary satellit
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SATELLITE METEOROLOGY

LEO and GEO integration

[ @ _ADD GEO-SSM/1 RAIN STATISTICS | | @ UPDATE GLOBAL HISTOGRAM-MATCHED RAIN |
UNIVERSAL TIME —— RELATIONS FOR PAST N=24 HOURS OF STATISTICS
2015 2045 2145 2215 2245 e > 0945 1015

SSM/I, TRMM ARRIVING
WITHIN 3 HOURS OF
REAL_TIME ----------------------------------- ’

GEOSTATIONARY DATA ARRIVING (GOES-E/W, GMS, Meteosat) l l l
¥ ¥ V ¥

OUTPUT: CONTINUOUS RAIN RATE (AND ACCUMULATIONS)

Precipitation remote sensing 24



SATELLITE METEOROLOGY

Case study: images

SSM/I 85-GHz Brightness Temperature = METEOSAT 10.5-pm Infrared Temperature

October 6, 1998

Precipitation remote sensing 25



SATELLITE METEOROLOGY

Case study: products

Instantaneous rain-rate at 0600 UTC  Accumulated rain-rate in 24 hours (2130 UTC)

October 6, 1998

Precipitation remote sensing 26
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Principio di misura di radar

meteorologici

Radar polarimetrigo

Horizontal Polarization

Vertical Polarization

Precipitation remote sensing



RADAR METEOROLOGY

Picturing the problem

RADAR EQUATION: %
P (1,0,¢) = C £l LD g 2nra
I

where  Pg: received power
C: radar instr. constant
I: range
A: path attenuation
Z.: equivalent reflectivity

Ground.-
clutter

5
-‘:-:-.--.--.--:.--.--.--..

¥
M

=

Precipitation remote sensing
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RADAR METEOROLOGY

System conceptual diagram

Sensor Sub-system Radar Antenna Unit (RAU)

Antenna Pedestal <
Unit T
(AP1]D)
Servo P Radar Transmistter
System Unit Unit (RTU)
SS A v
1
Backup Power < €= e e e - L e > Radar Receiver Unit
Unit Ser- (RRU)
BPY) !
v !
Processor Sub-system
Radar Control Radar Signal
Processor mmmmmm > Processor
REP) RFP
FpR) > Radar
e ——
B e ——
Processor Temporary
(RRP) Archive
Communication Sub-system /—V—\
Data

Communication System
-

Product Sub-system Radar Remote . L
Controller - > ~'—"-"
(RRC)
Radar Product Radar Product
. . Generator
Visualizer eneraf
RPV) leas s

Precipitation re



RADAR METEOROLOGY
e-cluttering example

tic Z-rnap

Precipitation remote sensing 31



0O N O O A O N =

. Attenuazione da gas e da idrometeore

. Propagazione anomala - echi di seconda scala screenin

PROBLEMS

Errors in radar measurements

. Precipitazioni presenti al di sotto del fascio radar
. Evaporazioni presenti al di sotto del fascio radar
. Effetti orografici

. Banda brillante dovuta a liquefazione di neve AN - A= |—— ==

o —
e = N

No —1 PE Partial PE Complete
g screening screening

. Presenza di ostacoli fissi

. Errori nel sistema radar (lobi secondari, radome)

200 km

Precipitation remote sensing



RAINGAUGE CALIBRATION
Correcting radar estimates

Precipitation remote sensing 33



ITALIAN RADAR NETWORK
Radar sites

ENAV MALPENSA

® o DI GRADO
O TEOLO
© GATTATIC@
BRIC DELLA CROCE O S.P. CAPOFIUME
O COLLE
SETTEPANI
MONTE PAGANUCCIO
° @
MONTE CROCIONE
Q@ MONTE SERANO
POGGIO DI MONTIERI @
MONTE ® PRETURO
MIRGA ] IL MONTE
0] PIANA DI
MONTENERO
MONTE
© RASU MONTE COMUI\:E ©
MONTE LI-FOY 0]
0] CASARANO
MONTE ARMIDDA MONTE PETTINASCURA
@ COPERTURA AL 2006
@ COPERTURA AL 2009 ® MONTE PECORARO
@ COPERTURA AL 2012
MONTE LAURO

Precipitation remote sensing



ITALIAN RADAR NETWORK
Examples

13 novembre 2008 ore 11:00 — VMI (dBz)

Dicembre 2008 ore 12.00 ovembre 2008 ore 11.00

Precipitation remote sensing 35
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15 OCTOBER 2015
SYNOPTIC ANALYSIS

% Carta in quota del
&  geopotenziale e

@ temperatura alla
500hPa

Zvalida alle 00UTC del

= 15 ottobre 2015

812
508

504
500
438

484
480
478

Sovrapposizione di
Convective Available
Potential Energy ed
Airmass RGB alle
00UTC del 15 ottobre
2015;
isolinee in mandarino
800 J kg-1, in magenta
2.500 kg J-, in viola
3000/4000 kg J-!

Carta di
analisi
valida alle
00UTC del
15 ottobre
2015

European
Storm Forecast
Experiment
valido da
mercoledi 14
ottobre 2015
alle 06UTC
a giovedi 15
ottobre 06UTC
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15 OCTOBER 2015
OBSERVATION ANALYSIS

Mappa dei fulmini caduti in 24 ore

dalle 00UTC del 15 ottobre 2015 Meteosat IR alle 5:45UTC

Precipitation remote sensing 38



15 OCTOBER 2015

RADAR ANALYSIS

Evoluzione
oraria
composita del
RADAR VMI
del mosaico
radar
nazionale
(dalle O0LT del
15 ottobre alle
06LT del 15
ottobre 2015)

Precipitation remote sensing 39



15 OCTOBER 2015

RAINGAUGE ANALYSIS

Siringrazia: CIMA
Research Foundation e
Dipartimento Protezione
Civile Nazionale

Precipitation remote sensing 40



15 OCTOBER 2015

CETEMPS FORECAST SYSTEM

CETEMPS
cetemps.aquila.infn.it
ECMWF
Analyses
0.125°
WRF - ARW i
12km Skm
Rain gauges CHyM CAI2 Index
Radar Hydrological model
BDD Index

Precipitation remote sensing a1



15 OCTOBER 2015

CETEMPS RAIN FORECAST

ZOOM

t.: Thu, 15 OCT 2015 — 00 UTC anianf:ﬁ:g\%C?ang15(inéé \J%F_ARTJEEI:“)
>
RS
R N
B e v e B
[ N S
L
L
L NN
LN U AN
A S U
I N
b
ZOOM WRF—ARW 3km (init WRF—ARW 12km) ZOOM WRF—ARW Jkm (init WRF—ARW 12km)
Init.: Thu, 15 OCT 2015 — 00 UTC and Thu, 15 OCT 2815 0% UTC T=+ Init.: Thu, 15 OCT 2015 — 00 UTC valid: Thu, 15 OCT 2015 12 UTC
vy
g & Ly )
N e o [
=7 s e e -~
T e e e E S S gy —
Bwe M b W e et e e S
L N N — A
L [
N L
RN N N SN
OO S O O G
oot R G S G N
o £ L r r >
2 [ [ [ T 1 [ [ ]

19 15 20 25 30 40 5% &0 70 80 0 100125150175200 20400500
Precipitazione totale [mm/3h] + Vento [nodi]
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15 OCTOBER 2015

CETEMPS RAIN FORECAST

ZOOM WRF—ARW 3km (init WRF—ARW 12km)
Init.: Thu, 15 OCT 2015 — 00 UTC Valid: Fri, 16 OCT 2015 00 UTC T=4+24h

=1 [ | [ [ [ [ ] [ [ |
0.2 2 5 10 15 20 25 30 40 50 &% 70 80 %0 100125 150175200 300400500

Accumulated rainfall [mm/24h]
Zoom da dominio a 3km della cumulata a 24 ore da modello valida alle 00:00UTC del 16 ottobre

Precipitation remote sensing



15 OCTOBER 2015

CETEMPS RIVER FORECAST

Q* : CHyM - CAI - (mm/day)

§

o0 SARUETRE UADULOP (DUDIFDLD

3

= ‘!
41...,<\{ .
-

Simulation on Qctober 15, 2015 h: 4.00 UTC

CAL:

Esprime il rapporto tra la precipitazione disponibile per il
runoff drenata da ogni singola cella e la sua area drenata a
monte.

Rappresenta la precipitazione media drenata dalla cella i-esima
durante un tempo t corrispondente al fempo di runoff.

Taole
=215

)

5

m

3

"

3
io\um;{

Stress idrologico calcolato dall'indice CAI - 15 ottobre 2015
4:00 UTC Zoom sulle aree interessate e sovrapposizione con
Google Earth® con indicazione dei punti di esondazione

Precipitation remote sensing



PRECIPITATION SCIENCE

Issues and Background

Science questions:

e Is the intensity and frequency of extreme
precipitation increasing at global and regional
(Mediterranean?) scale?

e How much precipitation occurs over the globe?
(i.e. what is the strength of the global
hydrological cycle?)

e How does global mean precipitation vary with

time? (i.e. how is the hydrological cycle
changing and what is its trend?)

e Can coupled climate models reproduce the
observed changes in global mean precipitation?

Precipitation remote sensing 45



DATA ANALYSIS

Integrating Precipitation Observations

Analysis - creating complete (in time and space) fields from varying and incomplete
observations

Satellite-derived estimates have complementary characteristics (geostationary IR is
more complete but has poor accuracy, low Earth orbit PMW is more accurate but has

sparse sampling) so combining them makes sense (CMAP, GPCP, CMORPH, TMPA,
GSMaP...)

Rain gauges are helpful to reduce biases in satellite-derived estimates

Model-generated precipitation may be useful in regions where neither gauges nor
satellite estimates are skillful

e GPCP mean annual cycle (left) and global
mean precipitation (below)

e Monthly/5-day; 2.5° lat/long global

e CMAP has similar characteristics

Precipitation remote sensing 46



DATA REANALYSIS

Global Mean Precipitation

Global rmean precipitation

—a— GEOSS
| GEOSS no__ssini

JRA—25
NCEFPZ2
ERA—AQO and ops

‘MWM W‘W&\ “\4 V‘ “‘ W"’ N%M 4 "M

M w\Ww’ i Al S PR 77

GPCP

precip (mm/dy)
NNDNNNN NoLuLa@O
RADNONDOWRNWADBNROA

1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006
Time (year)

e Modern reanalyses give global means considerably greater than GPCP
(Global Precipitation Climatology Project - WMO) and CMAP

e Reanalyses, which should be most realistic model-based product (since they
use observations) are also higher than most AR4 Climate model simulations

* Figure courtesy Junye Chen, NASA/GMAO-MERRA
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CONCLUSIONS?

Maybe ...

LESSONS AND HINTS

* Remote sensing is more than (or is NOT)
a MEASUREMENT | hank

* Need of physical and mathematical
BACKGROUND

* Don’t use remote sensing data BLINDLY You
and ask for data/measurement ERROR

* ISSUES

* Is precipitation localization and
frequency increasing?

* Is the precipitation intensity increasing?

* Vulnerability and exposition effects on
risk assessment?

Precipitation remote sensing 48



