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After a short description of the useful physics quantities and 
techniques used to derive satellite data and imageries, the aim 
of the following material is to describe in which way 
instantaneous and accumulated precipitation are evaluated, 
under the EUMETSAT Hydrological Satellite Application 
Facilities (H-SAF) project, by means of the elaboration of 
Microwawes and IR measurements. 
In addition, the operative chain for products dissemination will
be described, showing methodology to access and to get maps 
and data.



Brightness Temperature

Brightness temperature is the temperature at which a  black body in 
thermal equilibrium with its surroundings would have to be to duplicate 
the observed intensity of a grey body object at a frequency ν .
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The satellite imageries in common operational use are:

• Visible (VIS) - imagery derived from reflected sunlight at 
visible and near infrared wavelength (0.4 - 1.1 µm).

• Infrared (IR) imagery derived from emissions by the earth 
and its atmosphere at thermal infrared wavelengths (10-12 µm)

• Water Vapour (WV) imagery derived from water vapour 
emissions (6-7 µm)

• 3.7 µm (often referred to as channel 3) imagery in the overlap 
region of solar and terrestrial radiation and hence sometimes 
called near IR.

• Images from microwave (MV) radiometer. 

Satellite imageries



VISIBLE and INFRARED

The basic hypothesis of VIS/IR algorithm to infer rain 
rates is that cloud top temperatures is related to cloud 
optical thickness. Therefore, cold and thick cloudsare 
generally associated to precipitating system.

Two consequences:

1. Retrieved precipitation intensities increase with decreasing of 
cloud top temperatures (i.e. increasing of thickness!).

2. Warmer and/or less bright tops are linked to light or no-rainy 
clouds. 

VIS/IR - Physical properties



Reasonable assumption?

1. Substantially YES for convective systems (cold & thick) ;

2. Drastically POOR for stratiform clouds (warm & th ick), 
typically evolving in the first km of the atmosphere (not really
cold top!), with high ratios of liquid water (optically thick) and 
usually associated to light-moderate and often persistent 
rainfalls. 

3. Affected by large ERRORS in presence of the rain-free regions 
of cirrus clouds (cold & thin) 

VIS/IR - Physical properties



110 to 170 GHzD band

90 to 140 GHzF band

75 to 110 GHzW band

60 to 90 GHzE band

50 to 75 GHzV band

40 to 60 GHzU band

30 to 50 GHzQ band

26.5 to 40 GHzKa band

18 to 26.5 GHzK band

12 to 18 GHzKu band

8 to 12 GHzX band

4 to 8 GHzC band

2 to 4 GHzS band

1 to 2 GHzL band

Frequency rangeLetter Designation

Microwaves are electromagnetic waves 
with wavelengths ranging from as long 
as one meter to as short as one 
millimeter, or equivalently, with 
frequencies between 300 MHz 
(0.3 GHz) and 300 GHz 

What Microwaves (Mw) are



Microwaves “penetrate” clouds more than VIS/IR wavelengths. 
This reveals their property to establish a more direct 
interaction between extinguished incoming radiation and 
developing rain bulk. 

Main features: 

1. High sensitivity to discern rainy/no-rainy clouds. Rain-free 
clouds are generally penetrated. (it is not always true for high
value of LWC!) 

2. Linear relationship between measured radiance and physical 
temperature of clouds

3. High variability with surface emissivity 

MW - Physical properties



Why Space-borne MW Radiometers?

Meteosat IR image –

September 27, 1992

Corresponding microwave 
(SSM/I) observations @ 85 GHz -
September 27, 1992 @ 16:51 UTC

IR or VIS signal is emitted from the 
cloud top.

MW radiation interacts with all the  
cloud layers. Convective cells can be 
recognized.



Thin high clouds 
(cold & thin)

Stratiform cover 
lower than 4 km 
(warm & thick)

Deep convection 
(cold & thick)

Light rain rates 
(cold & thick) 

ε> 0.90

ε≈ 0.50

MW vs IR in the detection of rainy/no-rainy clouds



Frozen cloud tops

1. Ice crystals largely scatter radiation producing a 
cold area in the satellite IFOV 

2. Linear relation between extinguished radiation 
and amount of rain is drastically violated being 
now the relationship ice-rain indirect

3. Rainfall amounts are deduced by magnitude 
depression of measured brightness temperature 
(scattering index approach) 

4. Algorithm based on scattering index approach 
could be generally applied over all surfaces but 
there are limited to frozen clouds

5. Scattering index results are quite close to those 
obtained with VIS/IR methods

Applying the basic theory of microwaves to retrieve 
rain rates must be considered: 

Warm cloud tops

1. Liquid rain drops absorb incoming radiation 
and directly re-emit radiation  

2. Kickoff's law establishes a direct relation 
between absorption and emission 

3. Rainfall amounts are directly linked to the  
extinction degree of brightness temperature 
(emission approach)  

4. Algorithm based on emission approach could be 
ably applied over cold background

5. Differently to scattering index methods, emission 
algorithm “senses” warm rain clouds

Measured radiance and physical temperature of cloud s linear relationship



PR-OBS-1 
Precipitation rate at ground by MW conical scanners

Material for courtesy of
A. Mugnai, P. Sanò D. Casella, M. Formenton

Institute of Atmospheric Sciences and Climate (ISAC ) of the Italian National Research Council (CNR), R oma, Italy



What is the PR-OBS-1 product?

Instantaneous Total (ice and liquid) precipitation rate in mm/hr on the ground 
(in ASCII, BUFR, MAPS format) is generated from MW images taken by 
conical scanners on operational satellites in sunsynchronous orbits

BUFR 

(Binary Universal 
Form for the 

Representation of 
meteorological data )

For each observed 
point are included:

• Time 
• Latitude
• Longitude 
• Precipitation rate

ASCII

Raw data

Direct output of the 
retrieval algorithm

More complete

Not available for 
users

Maps



� Measurements of brightness temperature (TB) are made by radiometers on 
Low Earth Orbit (LEO) satellites of the Defence Meteorological Satellites 
Program (DMPS).
The relationship that links the brightness temperature to precipitation has a 
variable degree of complexity (from minimum at the lower frequencies over the 
sea to maximum at higher frequencies over land), and in addition invariably 
refers to columnar contents of liquid or ice water. 

� The vertical structure necessary for the retrieval is input through the use of a 
database of radiative cloud/precipitation models previously built by means of 
simulations carried out over real events. The accuracy of the product depends 
on the representativeness of the database. 

� Precipitation rates are estimated by means of Bayesian technique using the 
passive microwave measurements (brightness temperatures) and a 
probabilistic (Bayesian) analysis of a Cloud Radiation Database (CRD). 

How is PR-OBS-1 obtained?



How is PR-OBS-1 obtained?

input

output

Satellite Precipitation rate at ground (mm/hr)
Bayesian variance 
Quality index
Precipitation phase
Latitude, Longitude
Surface type (land, ocean, coast)  

Bayesian Retrieval

Satellite :
Defense Meteorological Satellites Program (low earth orbit (LEO)).

Radiometric system :
SSM/I is a 7 channel, 4 frequencies, linearly polarized, passive microwave radiometer.
SSMIS is a 24 channel, 21 frequencies, passive microwave radiometer.

Bayesian Retrieval:
Bayesian technique estimates precipitation rates using the passive microwave measurements
(brightness temperatures) and a probabilistic (Bayesian) analysis of a Cloud Radiation Database 

(CRD). The development of the Bayesian retrieval algorithm is on CNR-ISAC (Rome) responsibility

Raw data

Data

Post-processing
Final data for

the users

PR-OBS-1 production:
Data acquisition and PR-OBS-1 production is on Italian Air Force Meteorological Service (C.N.M.C.A.) 
responsibility.



Satellites

In orbit
18 Oct 
2009 

DMSP 5D-
3/F18 

In orbit 98,8855841102
4 Nov 
2006

DMSP 5D-
3/F17 

In orbit 98,9853843101,9
18 Oct 
2003 

DMSP 5D-
3/F16 

In orbit 98,9851837101,8
12 Dec 
1999 

DMSP 5D-
3/F15 

In orbit 98,9855842101,9
4 Apr 
1997

DMSP 5D-
2/F14 

In orbit 98,8854845101,9
24 Mar 
1995

DMSP 5D-
2/F13 

In orbit 98,9856839101,9
29 Aug 
1994 

DMSP 5D-
2/F12 

Status 
Inclination 
(deg) 

Apogee 
(km) 

Perigee 
(km) 

Period 
(min) 

Launch 
date Name 

Block 5D

PR-OBS-1 uses the data of microwave radiometers of DMSP (Defense Meteorological 
Satellites Program) satellites. 
The DMSP satellites are managed by the US Departmen t of Defence (DoD).
They were all put into sun-synchronous near-polar c ircular orbits, altitude ~800 Km, 
inclination ~ 99 degrees, period 102 min.



Radiometers

SSMIS is a microwave multispectral, passive radiometer, scanning with conical geometry and 
provides images with constant zenith angle of 53 deg. Conical scanning provides constant 
resolution across the image, though changing with frequency. The IFOV is elliptical. The sampling 
distance along the satellite motion, i.e. from scan line to scan line, is invariably 12.5 km, dictated by 
the satellite velocity on the ground and the scan rate.

Special Sensor Microwave
- Imager/Sounder (SSMIS)



The precipitation at the ground, that in no way can be directly 
observed from space, is derived from the knowledge of everything
that happens in the vertical column, specifically in terms of 
hydrometeors.  SSMIS includes more information on the vertical 
atmospheric structure, but not as cloud microphysics is concerned.  
Consequently, information on cloud microphysics needs to be input 
from external.  

There are two approaches for this:

• To assimilate MW brightness temperature (TB) in a NWP model 
that provides information on cloud microphysics (ECMWF) –
Approach suitable  for the global scale.

• Microphysical parameters are conveniently retrieved by Cloud 
Resolving Models (CRM) with associated complex Radiative
Transfer Model (RTM) and realization of Cloud Radiation Database
(CRD).

Precipitation retrieval from space



Channel Weights

Bayesian Distance
Evaluation

Bayesian Retrieval

Interpolation Procedure

SSMI/I or SSMIS TB’s

Cloud
Radiation
Database

Input Data

Screening Procedure

Retrieval Procedure

Precipitation Area85 GHz

PR-OBS1 - Generation scheme



PR-OBS1 - Generation scheme

SSMI/I or SSMIS 
measured

TB’s Vector

DB Profile #1 (Simulated Tb’s and RR)

DB Profile #2 (Simulated Tb’s and RR)

DB Profile #3 (Simulated Tb’s and RR)

DB Profile #n (Simulated Tb’s and RR)

Cloud
Radiation
Database

Bayesian Distance Evaluation

RR Estimation

Selected CRD profiles contribute 
to RR estimation with different 
weights based on Bayesian distance

gMMS is the geophysical 
(hydrometeor water content) 
vector related to a profile set of the 
CRD and  tm is the multi-spectral 
vector of the simulated brightness 
temperatures
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The Bayesian method compares 
measured (SSM/I & SSMIS) and 
modeled (CDRD) TB’s



PR-OBS1 - Generation scheme

Channel Weights

Bayesian Distance
Evaluation

Bayesian Retrieval

Interpolation and Average
Procedure

SSMI/I or SSMIS TB’s

Cloud
Radiation
Database

Input Data

Screening Procedure

Retrieval Procedure

Rain Rate (mm/hr)



Rome, Italy Case Study

85 GHz TB’s for SSM/I Overpass on 02-07-2009, 16:30 UTC



Rain Rate, RR (mm/hr)

Algorithm Output

Relative Variance, σ/RR (mm/hr)

Quality Index Precipitation Phase



24

Satellite / Radar Comparison

Rome, Italy
2 July 2009
16:30 UTC

Retrieval rain rate (mm/hr)Radar rain rate (mm/hr)



PR-OBS 1 – Map examples



PR-OBS-2 
Precipitation at ground by MW cross-track scanners

Material for courtesy of

S. DIETRICH, F. DI PAOLA
Institute of Atmospheric Sciences and Climate (ISAC ) of the Italian National Research Council (CNR), R oma, Italy



What is the PR-OBS-2 product?

Surface precipitation rate in mm/hr (in ASCII, BUFR, MAPS format) is 
generated from MW images taken by cross-track scanners on operational 
satellites in sunsynchronous orbits.

BUFR 

(Binary Universal 
Form for the 

Representation of 
meteorological data )

For each observed 
point are included:

• Time 
• Latitude
• Longitude 
• Precipitation rate

ASCII

Raw data

Direct output of the 
retrieval algorithm

More complete

Not available for 
users



� Surface precipitation rate are generated from MW sounders taken by cross-
track scanners on operational satellites in sun-synchronous orbits.

� In absorption bands exploited for temperature sounding (the 54 GHz band of
AMSU-A) or for water vapour sounding (the 183 GHz band of AMSU-B and 
MHS) the effect of surface emissivity is minimised. Precipitation that, per sé, 
represents a “disturb” for these instruments that are designed for all-weather 
temperature/humidity sounding, is retrieved by exploiting the differential effect 
of liquid drops or ice particles at different frequencies associated to weighting 
functions peaking in different atmospheric layers. 

� It is a highly indirect principle that implies that only part of the retrieval 
process is physically-based, whereas substantial part of the retrieval is 
currently relying on the use of neural networks

Measurements in “atmospheric windows” (AMSU-A  / AMSU- B )



COVERAGE BY OPERATIONAL AMSU/LEO SATELLITES

AMSU-A MHSOct 19, 200621:31MetOp A

AMSU-A MHSMay 20, 200513:43NOAA-18 (N)

AMSU-A MHSJune 2, 200913:54NOAA-19 (P)

Sun-synchronous circular, altitude = ~840 km
inclination = 98.7º (retrograde)

June 24, 2002

Sept. 21, 2000 

May 13, 1998 

Launch

AMSU-A AMSU-B21:28NOAA-17 (M) 

AMSU-A AMSU-B17:43NOAA-16 (L) 

AMSU-A AMSU-B 16:48NOAA-15 (K) 

MW instrumentsLTAN Spacecraft 

AMSU are always situated on polar-orbiting satellites in sun-synchronous orbits. This 
results in their crossing the equator at the same two Local Solar Times every orbit.

The Advanced Microwave Sounding Unit (AMSU) instruments scan 
continuously in a "whisk broom" mode. During about 6 seconds of each 8-
second observation cycle, AMSU-A makes 30 observations at 3.3° steps 
from −48° to +48°. It then makes observations of a w arm calibration target 
and of cold space before it returns to its original position for the start of the 
next scan. In these 8 seconds the subsatellite point moves about  
48 km, so the next scan will be 48 km further along t he track. AMSU-B 
meanwhile makes 3 scans of 90 observations each, with a spacing of 1.1°.

During any given 24-hour period there are approximately 16 orbits . 
Almost the entire globe is observed in either daylight or nighttime mode, 
many in both. Polar regions are observed nearly every 100 minutes.



MW sounding channels
The AMSU is a multi-channel microwave radiometer 
installed on meteorological satellites. The instrument 
examines several bands of microwave radiation from the 
atmosphere to perform atmospheric sounding of 
temperature and moisture levels .

The AMSU has two sub-instruments, AMSU-A and AMSU-B. 
AMSU-A has 15 channels between 23.8 and 89 GHz, and is 
used primarily for measuring atmospheric temperatures
(known as "temperature sounding"). It has a ground resolution 
near nadir of 48 km . AMSU-B/MHS , with five channels 
between 89 and 183.3 GHz, has a spatial resolution near 
nadir of 16 km and is primarily intended for moisture
sounding. Spot size of both sub-instruments becomes larger 
and more elongated toward the edges of the swath. 

When the two instruments are used together, there a re 
roughly 9 AMSU-B fields-of-view in a 3x3 array 
corresponding to each AMSU-A field-of-view . This reflects 
the higher spatial variability of water vapor compared to 
temperature.



PCA 
transform

PC #2

Neural Net 
Precip. Retr.

LAND

AMSU-A ch. 1-8
(48 km) Neural Nets 

for nadir 
correction

One Net for 
each channel

AMSU-B ch. 1-5
(16 km)

Zenith angle

Interpolation to 
16 km

AMSU-A ch. 1-8
(48 km, nadir)

AMSU-B ch. 1-5
(16 km, nadir)

AMSU-A ch. 1-8
(16 km, nadir)

Compute
Tb cold

perturbation

AMSU-A ch. 4-8
AMSU-B ch. 4-5

AMSU-A ch. 4-8
perturbation ( ∆Tb)

Screening of 
precipitating

regions

AMSU-A ch. 5
AMSU-B ch. 4-5

Precip. Mask

Land/Sea mask
AMSU-A ch. 1-5

AMSU-B ch. 1,2,5

AMSU-B ch. 3,4

SEA

PCA 
transform

PC #2-5

Neural Net 
Precip. Retr.

AMSU-A ch. 1-8
AMSU-B ch. 1-5

Surface
Precipitation

rate

TB PREPROCESSING 

SCREENING

INPUT PROCESSED INPUT INTERMEDIATE OUTPUT OUTPUTCOMPUTATION STEP



To screen potentially precipitating pixels the altitude and following TB are used: 
AMSU-A ch.5, (53.6 GHz) , AMSU-B (MHS) ch.4, (183.31+3.00)GHz and ch.5 
(183.31+7.00) GHz.

AMSU-A ch.5 -TB 53.6 GHz (T53.6) is the spatially filtered limb-corrected and 
resampled obtained by selecting the warmest brightness temperature (9 AMSU-A 
values) within a 7×7 array of AMSU-B pixels.

Black color: AMSU-B grid
Red color: AMSU-A grid

Green color: 7x7 array of AMSU-B grid

AMSU RR – Potentially precipitating mask (H02)



AMSU RR – Potentially precipitating mask (H02)

The (183.31±7.00) GHz channel is reasonably good for detecting precipitation also because 
the angle-dependent variation of precipitation-free brightness temperatures is small when 
compared to the variation due to precipitation. 

To realize a potentially precipitation mask T threshold values are determined empirically.

All 16-km pixels with brightness temperatures at (183.31±7.00) GHz that are below a 
threshold T7 are flagged as potentially precipitating, where:

7 53.60.667( 248) 252T T= − +

However, the (183.31±7.00) GHz channel can become sensitive to surface variations in very 
cold, dry atmospheric conditions.



AMSU RR – Potentially precipitating mask (H02)

If  T 53.6  < 248 K the atmosphere is cold and dry  and in this case the 
(183.31±3.00) GHz TB is compared to a threshold T3 defined below:

3 242.5T =

The thresholds T7 and T3 are slightly colder than a saturated 

atmosphere would be, implying the presence of a microwave-absorbing 

or scattering cloud. 

If (T53.6 >248) K and TB (183.31±7.00) GHz <T7 � potentially precipitating

If (242<T53.6 <248) K and TB (183.31±3.00) GHz <T3 � potentially precipitating

If (T53.6<242) K � no precipitating (Atmosphere cold and dry)

If altitude > A(θlat) � no precipitating

Potentially precipitation mask



If the atmosphere is very cold and dry, ie T53.6 is less than 248 K, the pixel is flagged 
as non precipitating. 
Finally, the pixels where the altitude is higher than a latitude dependent threshold 
A(θlat) are also treated as non precipitating:

2000 60

( ) 1500 60 70

500

lat

lat lat

m for

A m for

m otherwise

θ
θ θ

 <
= ≤ <



AMSU RR – Potentially precipitating mask (H02)

NOAA-15 – 10 Oct 2009, 04:10 UTC



Since the relationship between precipitation and satellite brightness temperatures 
is nonlinear and imperfectly known, the rain rate retrievals value here employ 
neural networks trained with tested physical models. 

The estimates for surface precipitation rates were trained using a mesoscale
numerical weather prediction (NWP) model (MM5), a two-stream radiative
transfer model (TBSCAT), and electromagnetic models for icy hydrometeors 
(F(λ)).

The MM5 model has been initialized with National Center for Atmospheric 
Research (NCEP) for 122 representative storms and their corresponding 
brightness temperatures simulated at AMSU frequencies. 

Only storms with simulated morphologies that match simultaneous AMSU 
observations near 183±7 GHz were used. The global nature of these storms used 
for training addresses the principal weakness in statistical methods trained with 
radar or other non-global data. 

The validity of these simulated storms is supported by their general agreement 
with histograms of concurrent AMSU observations

AMSU RR - Neural Net Algorithm (H02)



Representative Storm Systems

122 globally representative storm systems covering wide range of precipitation 
type are from the year July 2002 – June 2003 ;  the numbers 1-12 stand for 
January-December and 14 indicates largely unglaciated cases



Whereas such radiance agreement was found to be sensitive to assumptions in 
MM5 and the radiative transfer model, precipitation retrieval accuracies predicted 
using the MM5/TBSCAT/F(λ) model were found to be robust to the assumptions.

Neural networks were trained to retrieve 15-minutes average surface 
precipitation rates for rain and snow at 15-km resolution for land and sea at all 
viewing angles.

Different algorithms were used for land and sea, where principal component 
analysis was used to attenuate unwanted noises, such as surface effects and 
angle dependence.

All neural networks have three layers with 10, 5, and 1 neuron , respectively, 
where the first two layers employ tangent sigmoid operators, and the final layer is 
linear.

The Levenberg-Marquardt training algorithm was used and the net weights were   
initialized using the Nguyen-Widrow method. 

AMSU RR - Neural Net Algorithm (PR-OBS-02)

C. Surussavadee and D. H. Staelin, “Global Millimeter-Wave Precipitation Retrievals Trained with a Cloud-Resolving Numerical Weather Prediction
Model, Part I: Retrieval Design,” IEEE Transactions on Geoscience and Remote Sensing, vol. 46, no. 1, pp. 99-108, Jan. 2008.

C. Surussavadee and D. H. Staelin, “Global Millimeter-Wave Precipitation Retrievals Trained with a Cloud-Resolving Numerical Weather Prediction
Model, Part II: Performance Evaluation,” IEEE Transactions on Geoscience and Remote Sensing, vol. 46, no. 1, pp. 109-118, Jan. 2008.



AMSU RR - Neural Net Algorithm (PR-OBS-02)

NOAA-15 – 10 Oct 2009, 04:10 UTC



PR-OBS-2 Product features

1) Resolution & location : like the AMSU-B (MHS) TB, 90 
precipitation retrievals for each scanline

…..…..…..
…..……......
21,330,736

21,029,535

20,628,234

20,327,233

20,026,132

19,725,231

19,524,430

19,223,629

19,022,928

18,822,327

18,521,726

18,321,125

18,120,524

18,020,223

17,719,622

17,619,321

17,518,920

17,318,519

17,218,218

17,017,917

16,917,616

16,817,415

16,717,114

16,617,013

16,516,712

16,416,611

16,316,410

16,316,39

16,116,18

16,016,07

16,016,06

16,016,05

16,016,04

16,016,03

16,016,02

16,016,01

X dir.  [km]Y dir. [km]# ifov

2) Minimum precipitation retrieved : 0.125 mm/h 

3) Time : reported on file data for each scanline, 3 scanline
every 8 seconds

4) Warning :  precipitation estimates over snow or sea ice are 
provided but there is risk of false alarms



PR-OBS-2  Map example



PR-OBS-3 

Tracking a rain system by means of the Rapid Update algorithm

Material for courtesy of

S. Laviola, E. Cattani, V. Levizzani
Institute of Atmospheric Sciences and Climate (ISAC ) of the Italian National Research Council (CNR), B ologna, Italy



The Naval Research Laboratory MW-IR blended technique 
- Rapid Update (RU)

Allow to derive groundfall rain intensity at the SEVIRI time 
(15’) and space resolution (~4 km, depending on lat and long) 
by means of statistical relationshipsbetween Channel 9 
brightness temperature (10.8 µm) and rain mapsfrom MW 
sensors/algortihms (Turk et al. 2000, Torricella et al. 2007). 

The Rapid Update algorithm (PR-OBS-3)



The Rapid Update algorithm (Turk et al, 2000) it is based on a blended 
MW-IR technique that correlates, by means of the statistical probability 
matching, brightness temperatures measured by the geostationary sensors 
and precipitation rates at ground derived from PMW data.

Main inputs to the RU procedure
• geolocated IR brightness temperatures at 10.8 µm from the MSG-
SEVIRI;
• rain intensities from PMW algorithms.

Required information for both input data sets
• detailed information about the observation acquisition time;
• data geolocation
• spatial resolution
• observation geometry (satellite zenith angle).

The Rapid Update algorithm (PR-OBS-3)



First step: Compute (or ingest) RR from PMW and BT from IR

AMSU overpass (NOAA15)
19 October 2006  ~ 0520 UTC

SEVIRI CHANNEL 9 (10.8 µm)
0542 UTC 

The Rapid Update algorithm (PR-OBS-3)



Combining two different types of observation of the rain field

MSG SEVIRI BT measurements  each 15’

Non-equally spaced MW observation

Rain probability distributions from Low Earth Orbit (LEO) platforms and BT 
probability distributions from Geostationary (GEO) IR observations are 
matched to derive statistical BT vs rain intensity relationships via Probability 
matching method

t
0

t-1t-2 t
+1

…etc

time “window”

t

The Rapid Update algorithm (PR-OBS-3)



(not drawn to scale)

Allowed spatial offset needed to 
account for parallax-induced 
offsets, navigation errors, different 
vertical weighting by PMW and IR

Allowed time 
offset 
needed to 
account for 
hydrometeor 
fallout time

Second step:Extract space and time coincident locations from IR and MW 
data

LEO MWLEO MW GEO IRGEO IR

The Rapid Update algorithm (PR-OBS-3)

Collocating PMW and IR observations



Third step: For NHOURS = 24 h are accumulated coincident points in a grid box 
(2.5° x 2.5°) where is developed a specific regressio n function to derive 
precipitation from BT. All the points in a box are transformed in the same way 
meaning that a specific type of cloud is present in a certain coverage (75%) or 
minimum number of points (400). 

2.5°

2.5°

The Rapid Update algorithm (PR-OBS-3)



In probability theory and statistics, the cumulative distribution function (CDF), 
or just distribution function , describes the probability that a real-valued random 
variable X with a given probability distribution will be found at a value less than x. 

For every real number x, the CDF of a real-valued random variable X is given by

where the right-hand side represents the probability that the random variable X
takes on a value less than or equal to x. The probability that X lies in the interval 
(a, b] is therefore FX(b) − FX(a) if a < b.

The CDF of X can be defined in terms of the probability density function ƒ as 
follows:

∫
∞−

=
x

dttfxf )()(

)()( xXPxFx X <=→

The Cumulative Distribution Function (CDF) - (PR-OBS -03)  



Fourth step: Apply the Probability Matching Method (PMM)

220 240 280200 300260
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The Rapid Update algorithm (PR-OBS-03)

CDF are derived on empirical base



Fifth step: Compute the statistical relationships for each grid box

The Rapid Update algorithm (PR-OBS-03)



Create geolocated statistical 
relationships RR-Tb

Assign RR at 
every IR pixel

The process is restarted for each IR slot in the study period

Produce instantaneous 
rain intensity maps at the 
geostationary time/space 
resolution 

AT TIME t…

MSG- SEVIRI IR brightness 
temperatures at 10.8 µm

Rain intensity maps 
from PMW data 

Extract space and time 
coincident locations 
from IR and MW data 
for each grid box 

RU complete operative scheme



Use of Nowcasting -SAF 
cloud mask

on PR-OBS 3

Masking control - (PR-OBS-03)



Pre-operational PR-OBS-3 product  



PR-OBS-5 
Accumulated precipitation at ground by blended MW and  IR

Material for courtesy of 
A. DIDIODATO¹ and  A. VOCINO²

¹ CAMM, Italian Air-Force Mountain Meteorological Ce ntre, Monte Cimone (Modena, Italy)
² CNMCA, Italian Air-Force National Meteorological C entre, Pratica di Mare (Rome, Italy)



• Products are derived from precipitation maps 
generated by merging MW images from operational 
sun-synchronous satellites and IR images from 
geostationary satellites (at present time PR-OBS-3 
products).

• Products are derived by time integration of product 
PR-OBS-3 (96 samples/day at 15-min intervals) over 
3, 6, 12 and 24 hours. 

• At each product is associated a Quality Index (QI).

(OBS-05)  - Products description 



• Precipitation is a complex process with a great variability in time and 
space.

• Power laws describe the number of rain events versus event size 
and number of droughts versus duration.

(OBS-05)  - Basic considerations on precipitation field



(OBS-05)  - Basic considerations on precipitation field

Recent studies on precipitation 
have shown that it can be 
considered like a red noise (Hurst 
exponent > 0.5 and 1/f noise by 
spectral analysis). 

The graphic representation of the 
signal mimics a Brownian pattern. 
Its spectral density is inversely 
proportional to f², meaning it has 
more energy at lower frequencies.



• This time structure of precipitation field 
implies that instantaneous sampling as 
that obtained by satellite remote sensing 
requires accomplishing short time 
scanning.

(OBS-05)  - Basic considerations on precipitation fi eld



• A preliminary study on precipitation time series recorded by a 
network (Italian Military Air Force) of 76 automatic stations (time 
step: 15 minutes) showed the following results:

STDBias
RR 

sampling period

24-h cumulated precipitation

37%0.54%30 min

66%-3.70%1 h

142%-1.53%3 h

(OBS-05)  - Basic considerations 

This result shows that the error due to the sampling is very high if the sampling 
is low.



(OBS-05)  - Products generation



• Data type: instantaneous area-averaged rain rate (mm/h) 
from OBS-03 

RS=RA(t=0)  with      

RA(t)=1/A∫A d2x R(x,t)

• Sampling period: 15 minutes

(OBS-05)  - Data input



• The aim is to obtain a value of accumulated precipitation  
starting from satellite estimation of instantaneous 
precipitation.

RS_acc=∫T RS (t) dt

• The evaluation of the accumulated precipitation achieved 
by the integration of any interpolation function (linear, 
cubic, spline, etc..) is very similar.

(OBS-05)  - Time  integration of instantaneous preci pitation 



Assumption: rain rate does not change during the 15 minutes intervals.

•• The accumulated precipitation for 
each time step is obtained with the 
rain rate value multiplied by the same 
time step.

• Total accumulated precipitation in 3, 
6, 12 and 24 hours is a sum up of 
each contribution.

(OBS-05)  - Integration of H03 products







• Search of outliers every 15 minutes and on the different 
accumulation periods, using climatological data (different 
thresholds by season and geographic position) got 
basically from “Climate Atlas of Europe” led by Meteo
France inside the project ECSN (European Climate 
Support Network) of EUMETNET

A superior limit is established 
If Obs-05_value is > Outlier_value the last is used 

(OBS-05)  - Products outliers control



(OBS-05)  - Quality index 

QI index (from 0 to 100 %) is obtained evaluating  
the number of  slots (15 minutes) available at the 
different time steps.

• 3 hours – from 0 to12 slots

• 6 hours – from 0 to24 slots 

• 12 hours – from 0 to 48 slots 

• 24 hours – from 0 to 96 slots



(OBS-05)  - Accumulated precipitation 3 hr



(OBS-05)  - Quality index 3 hr



(OBS-05)  - Accumulated precipitation 6 hr



(OBS-05)  - Quality index 6 hr



(OBS-05)  - Accumulated precipitation 12 hr



(OBS-05)  - Quality index 12 hr



(OBS-05)  - Accumulated precipitation 24 hr



(OBS-05)  - Quality index 24 hr



� The final result contains not negligible random and bias error 
due to the indirect nature of the relationship between the 
observation and the precipitation, the inadequate sampling and 
algorithm imperfections. 

� A new and enhanced version of the OBS-5 algorithm will make 
use of independent  sources of information (e.g. rain gauges) to
correct – by means of statistical index development  –the output 
of the accumulation product.

� The possibility of using external precipitation fields (e.g. NWP 
data) as a priori information through a Bayesian approach will be 
also investigated in order to minimize bias and random errors and 
to take into account orography. 

(OBS-05)  - Final remarks



H SAF H SAF 
Processing chainProcessing chain

Material for courtesy of

D. Melfi
National Met Service – CNMCA , Pratica di Mare, Italy



Products

H SAF products (OBS01, OBS02, OBS03, OBS05) are generated in ASCII, 
BUFR, MAPS format at CNMCA (Pratica di Mare, Italy)

BUFR 

(Binary Universal 
Form for the 

Representation of 
meteorological data )

For each observed 
point are included:

• Time 
• Latitude
• Longitude 
• Precipitation rate

ASCII

Raw data

Direct output of the 
retrieval algorithm

More complete

Not available for 
users

Maps



Architecture of the products generation chain

Accumulated precipitation at ground by 
blended MW and IR

PR-OBS-5

Precipitation rate at ground by LEO/MW 
supported by GEO/IR (with flag for phase)

PR-OBS-4

Precipitation rate at ground by GEO/IR 
supported by LEO/MW

PR-OBS-3

Precipitation rate at ground by MW cross-
track scanners (with indication of phase)

PR-OBS-2

Precipitation rate at ground by MW 
conical scanners (with indication of 
phase)

PR-OBS-1

(source: Products User Manual 2.0, 30 June 2009  - Part 2: Precipitation products)

(OBS-05)  - Product description 



HW architecture



ftp://ftp.meteoam.it/utilities/Bufr_decode/

Header



Product
s

ONLINE OFFLINE OUTPUT format
ftp://ftp.meteoam.it/utilities/

PR-
OBS01

3 min (input – 2,5 h 
delay)

BUFR
PR-
OBS02

30 sec (input – 5 min 
delay)

1 month /1 week + 
Recovery from archive

PR-
OBS03

1 min 

1 month /1 week + 
Recovery from archive

GRIB2
PR-
OBS05

3 min

Processing time



Instantaneous precipitation and accumulated 
precipitations are available both in near real-
time  at CNMCA on ftp.meteoam.it (grib2 and 
png).

To decode data you have to install:

PR-OBS-3 & PR-OBS-5 DATA

�grib_api libraries from ECMWF

�grib2ascii routines from CNMCA



HSAF HSAF 
PR PR –– ASS 1ASS 1

Material for courtesy of

L. TORRISI
National Met Service – CNMCA , Pratica di Mare, Italy



• The purpose of the computed precipitation products is to 
support other H-SAF products, e.g. by providing first 
guess fields or filling occasional gaps in the operational 
chains for satellite product generation. 

• PR-ASS.1 (Quantitative Precipitation Forecast) products 
are available at fixed times of the day: 00, 03, 06, 09, 12, 
15, 18 and 21 UTC. 

• These products consists of: 
– precipitation rate (PR) at nominal time;
– accumulated precipitation (AP) over 3, 6, 12 and 24 

hours preceding the nominal time.

PR-ASS-1 Product



Maps are in equal latitude/longitude projection. Data in GRIB format

Precipitation rate



Maps are in equal latitude/longitude projection. Data in GRIB format

Accumulated Precipitation



The WP-2200 activity is embedded in the 
development of the operational NWP system of 
CNMCA. 

Satellite 

observations

End-users and H-SAF central archive

COSMO-ME  model  integration

Ground-based and 

aircraft observations

Accumulated precipitation Precipitation rate

Data assimilation (3DVar)

Operational Suite



14 km

7 km

2.8 km

- hydrostatic equations
- parameterized convection

- compressible equations
- parameterized convection

- compressible equations
- explicit convection

Data Assimilation

72h

24h

CNMCA NWP System



PR ASS1 products are generated as forecasts (PR/AP) 
or forecast differences (AP) from the most appropriate 
COSMO-ME model run preceding the nominal time 
(currently two runs a day 00-12 UTC). At 00 UTC:

D 00 UTCD-1 00 UTC D-1 12 UTC

D-1 00 + 24h

D-1 12 + 12h

D-1 12 + 12h minus
D-1 12 + 6h

D-1 12 + 12h minus
D-1 12 + 9h

D-1 12 + 12hPR

AP 3

AP 6

AP 12

AP 24

+12 h

+9 h

+6 h

+12 h

+12 h

+12 h

+24 h0 h

0 h

Product generation



URL: ftp://ftp.meteoam.it username: hsaf
password: 
00Hsaf

directory: products

Product identifier: h06.
Folders under h06:

h06_yyyymm_grb archived data of previous 
monthsh06_yyyymm_png

h06_cur_mon_grb
data of current month

h06_cur_mon_png

Files 
description:

h06_yyyymmdd_hh_ii_rom.grb digital data

h06_yyyymmdd_hh_ii_rom.png image data

yyyymm: year, month

yyyymmdd: year, month, day

hh: nominal synoptic hour to which the product refers (00, 03, 06, 09, 12, 15, 18, 21 UTC)

ii: integration interval (00, i.e. instantaneous precipitation, and previous 03, 06, 12 or 24 hours)

Output



• A decoding programme (C language) for COSMO-ME GRIB 
files (provide geographical coordinates and values at each 
grid point) is available in the ftp site as the products, in:

• To run the programme:
– install grib_api library 

(http://www.ecmwf.int/products/data/software/download/grib_api.ht
ml) 

– change the GRIB_API_INSTDIR in the Makefile according to your 
grib api installation directory; 

– launch make; 
– use the executable file generated as follows: 

grib1_decode.ex  <grib file> 

ftp://hsaf@ftp.meteoam.it/utilities/grib1_decode/

PR-ASS-1 data 



COSMO-ME uses a 
rotated lat-lon grid. To 
derive the geographical 
coordinates from the 
rotated ones: 

where

North pole

COSMO-ME Horizontal Grid



• Precipitation forecast fields computed by a NWP model will be used 
in HSAF to provide spatio-temporal continuity to the observed fields, 
otherwise affected by temporal and spatial gaps due to insufficient 
and inhomogeneous satellite cover.

• “Computed” precipitation by a model is partitioned into two fractions: 
– the grid-scale precipitation : it refers to the production of 

precipitation, via atmospheric processes that may be resolved in a 
NWP model, such as areas where upward motion will ultimately 
lead to clouds and precipitation (also referred to as explicit 
condensation)

– the parameterized (or convective) precipitation : which is 
devised to capture the sub-grid scale cumulus convection (by-
product of cumulus parameterization schemes)

• The partitioning into the components depends on the mesh size

Precipitation Computed by NWP Model



Objective verification of COSMO-ME precipitation forecasts 
against SYNOP stations is routinely performed at CNMCA.
6h, 12h and 24h accumulated precipitation scores are 
calculated for a three month period. 

MAM (March, April,
May) 2007

Objective Verification



Precipitation prediction is an example 
of a yes/no forecast. Some scores 
(FB, TS, ETS, FAR, etc.) are usually 
computed from the contingency table.

FB=(hits+false alarms)/(hits+misses) 

The Frequency Bias (FB) measures the ratio of the frequency of forecast events to the 
frequency of observed events and indicates whether the forecast system has a tendency to 
underforecast (FB<1) or overforecast (FB>1) events (precipitation frequency).

TS=hits/(hits+false alarms+misses)

The Threat Score (TS) measures the fraction of observed and/or forecast events that were 
correctly predicted. The TS is somewhat sensitive to the climatology of the event, tending to 
give poorer scores for rare events. The Equitable Threat Score is designed to help offset 
this tendency.

ETS=(hits-hits expected by chance)/(hits+false alarms+misses–hits 
expected by chance)
where    hits expected by chance = (total forecasts of the event) * (total 
observations of the event) / (sample size) 

Contingency Table

hits         false 
alarms

misses   correct
negatives   

forecast

observed
yes            no

yes

no

Objective Verification 



During CDOP-1 the following improvements are 
foreseen:
– extending the cover to the full H-SAF area. In order not to 

affect the operational NWP activity at CNMCA, this will 
probably be implemented by decomposing the area in 
more frames; 

– increase the number of runs/day. Currently, although the 
set of products (integrated over 3, 6, 12 and 24 h and 
precipitation rate) are disseminated every 3 hours, at 
synoptic times, they are generated by only two distinct 
runs/day. It is envisaged to move to 4 runs/day, in order to 
improve timeliness. 

– improve the model resolution from the current 7 km to an 
extent to be assessed for cost/benefit

Future developments


