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Abstract. The EUMETSAT Satellite Application Facility on onboard DMSP satellites and the AMSU-A AMSU-
Support to Operational Hydrology and Water ManagementB/MHS radiometer suites onboard EPS-MetOp and NOAA-
(H-SAF) was established by the EUMETSAT Council on POES satellites), as well as on combined infrared/passive
3 July 2005, starting activity on 1 September 2005. The Ital-microwave measurements in which the passive microwave
ian Meteorological Service serves as Leading Entity on bejprecipitation estimates are used in conjunction with SEVIRI
half of twelve European member countries. H-SAF prod-images from the geostationary MSG satellite. Moreover, the
ucts include precipitation, soil moisture and snow parame-H-SAF product generation and dissemination chain and in-
ters. Some products are based only on satellite observationdependent product validation activities are described. Also,
while other products are based on the assimilation of satelthe H-SAF program and its associated activities that cur-
lite measurements/products into numerical models. In addirently are being carried out or are planned to be performed
tion to product development and generation, H-SAF includeswithin the second CDOP phase (CDOP-2, 2012—-2017) are
a product validation program and a hydrological validation presented in some detail. Insofar as CDOP-2 is concerned,
program that are coordinated, respectively, by the Italian Deit is emphasized that all algorithms and processing schemes
partment of Civil Protection and by the Polish Institute of will be improved and enhanced so as to extend them to satel-
Meteorology and Water Management. The National Centelites that will be operational within this decade — particularly
of Aeronautical Meteorology and Climatology (CNMCA) of the geostationary Meteosat Third Generation satellites and
the Italian Air Force is responsible for operational product the low-Earth-orbiting Core Observatory of the international
generation and dissemination. Global Precipitation Measurement mission. Finally, the role
In this paper we describe the H-SAF precipitation algo- of H-SAF within the international science and operations
rithms and products, which have been developed by the Italcommunity is explained.
ian Institute of Atmospheric Sciences and Climate (in collab-
oration with the international community) and by CNMCA
during the Development Phase (DP, 2005-2010) and the
first Continuous Development and Operations Phase (CDOPL  Introduction
1, 2010-2012). The precipitation products are based on
passive microwave measurements obtained from radiomeln 1992 the European Organisation for the Exploitation of
ters onboard different sun-synchronous low-Earth-orbitingMeteorological Satellites (EUMETSAT) adopted the concept

satellites (especially, the SSM/I and SSMIS radiometersof & Distributed Application Ground Segment, which would
include the Central Facility, located at the EUMETSAT
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Fig. 1. EUMETSAT's network of the current eight Satellite Application Facilities (SAFs). The colored circles identifying the various SAFs
have been placed in correspondence to the locations of their leading entities, whereas the white circle identifying the Central Facility has
been placed in correspondence to EUMETSAT’s headquarters in Darmstadt, Germany. (Adapted from EUMEpSATww.eumetsat.
int/website/home/AboutUs/WhoWeAre/MemberStates/index.html

Headquarters in Darmstadt, Germany, and a network of eleMember State, and is executed in association with a consor-
ments known as Satellite Application Facilities (SAFs). The tium of EUMETSAT Member States and Cooperating States,
SAFs are specialized development and processing centegovernment bodies and research institutes. The various SAFs
which utilize specific expertise available in EUMETSAT's were established at different times between 1997 and 2005
Member and Cooperating States to develop and deliver sateknd started their activities with a Development Phase (DP),
lite products to international research and operations usersvhich usually lasted five years. In some cases, the DP phase
On this basis, a SAF Network has been set up, developewvas followed by an Initial Operations Phase (IOP), which
by consortia of organizations from within the EUMETSAT lasted two to five years. The activities are now continu-
Member and Cooperating States and located at the nationahg with Continuous Development and Operations Phases
meteorological services in Member States, which comple{CDOPs), which are structured in five-yearly segments. For
ments the production of standard meteorological productsnost SAFs the first CDOP phase (CDOP-1) started in early
derived from satellite data at the central facilities in Darm- 2007. All SAFs entered the second CDOP phase (CDOP-
stadt. The SAF Network also distributes user software pack2) contemporarily in March 2012. For more information on
ages. the SAF Network, see the websittp://www.eumetsat.int/
The main objectives of the SAF Network can be summa-website/home/Satellites/GroundSegment/Safs/index.html
rized as follows: (1) improve capabilities of EUMETSAT's  The Satellite Application Facility on Support to Opera-
Member States to exploit satellite data; (2) encourage utitional Hydrology and Water Management (H-SAF, or Hy-
lization of existing skills and infrastructure in Member and drology SAF) is one of the current eight SAFs. It was es-
Cooperating States; and (3) facilitate cost-effective exploita-tablished by the EUMETSAT Council on 3 July 2005, then
tion by ensuring that services are optimally distributed. initiated its DP activities on 1 September 2005 as a response
Currently there are eight SAFs, all of which provide prod- to (1) a growing interest within the European Union (EU)
ucts and services on an operational basis, each one dedicatedthe steadily improving quality of operational and research
to a specific discipline within operational meteorology, cli- satellite data; (2) the improving capabilities in hydrologi-
matology and earth observation (see Fig. 1). Each SAF igal remote sensing science; (3) the improving performances
led by the national meteorological service of a EUMETSAT of hydrological models and the hydrological components
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of weather and climate prediction models; (4) the increas- 1. provide new satellite-derived products from existing

ing need for global and reliable information on available
water resources, recognized by international bodies and or-
ganizations; and finally (5) the improving techniques for
assimilating hydrological observations into prediction mod-
els, particularly satellite retrieval observations.

In this paper, which is an extension and update of a Confer-
ence Proceedings paper prepared by Panegrossi et al. (2012),
we first describe the H-SAF project (Sect. 2) with special

and future satellites with sufficient time and space reso-
lution to satisfy the needs of operational hydrology, by
means of the following identified products:

— precipitation (surface rate and accumulated, liquid-
solid discrimination);

— soil moisture (at large scale, at local scale, at sur-
face, in root zone);

emphasis on the activities that are being carried out within or
are planned for the second CDOP phase that will cover the
2012-2017 five-year span, as well as on the present and ex-
pected role of H-SAF within the broader international com- 2.
munity. Then we describe in some detail the six precipitation
algorithms/products (Sect. 3) which have been developed by
the Institute of Atmospheric Sciences and Climate (ISAC) of
the Italian National Research Council (CNR) in collaboration
with the international community and by the National Center
of Aeronautical Meteorology and Climatology (CNMCA) of
the Italian Air Force (ITAF) during the DP (2005-2010) and
CDOP-1 (2010-2012) phases. Finally, we describe the prod-
uct generation and dissemination chain that has been devel-
oped by and implemented at CNMCA (Sect. 4), and provide
basic information concerning the H-SAF precipitation prod-
uct validation (PPV) and hydrological validation (HV) activ-
ities (Sect. 5) that are coordinated, respectively, by the Italian

Department of Civil Protection (DPC) and by the Polish In- During the DP phase, which covered 5yr until 31 Au-
stitute of Meteorology and Water Management (IMGW). 4,5t 2010, H-SAF followed a stepwise developmental ap-

proach, according to which products started to be developed
on the basis of available algorithms, databases and instru-
ments, while a first release of several products were ready for
In 2000 EUMETSAT began various steps towards the estabevaluation at the mid-term of the DP phase. Thereafter, these
lishment of a SAF on support to hydrology. First, a specific Products continued to be improved, with other ones added, on
“Working Group on a Potential SAF” was established, which the basis of improved algorithms, databases and instruments,
after two years (2001-2002) consolidated the necessary hyas Well as of the results of calibration/validation activities.
drological end user requirements and decided a list of objecThe distribution of several initial versions of products was
tives that would be achievable within a five-year term. Then,achieved to allow end users, specifically hydrologists, to start
a “SAF Hydrology Framework Working Group” was estab- €valuation and build-up impact study projects.
lished, which operated for two additional years (2003-2004) As soon as the DP phase ended, the CDOP-1 phase started,
and defined a scientific strategy and a long-term vision apduring which another member (Bulgaria) joined the H-SAF
propriate for a SAF on support to hydrology. In 2005, the Consortium. CDOP-1 lasted only eighteen months so as to
Italian Air Force Meteorological Service set up a consortium Synchronize H-SAF with the other seven SAFs that had
for the H-SAF project, gathering institutions of ten coun- started their five-year CDOP-1 phase in early 2007. Dur-
tries (Austria, Belgium, Finland, France, Germany, Hungary,ing CDOP-1, H-SAF operations with and dissemination of
Italy, Poland, Slovakia, and Turkey) and one internationalSeveral products began in conjunction with the development
agency, the European Centre for Medium-Range Weathe@nd improvement of the entire suite of DP products. In
Forecasts (ECMWF). The H-SAF Consortium submitted aMarch 2012, H-SAF entered, together with the other SAFs,
proposal to EUMETSAT for the 2005-2010 DP phase, whichthe CDOP-2 phase, which will continue until February 2017
was approved by the EUMETSAT Council on 3 July 2005. — see Sect. 2.2 for a detailed presentation of CDOP-2 activi-
The DP activities started on 1 September 2005, ending sucti€s.
cessfully after five years, at which time H-SAF joined the
other seven SAFs in the CDOP-1 phase.

Since the beginning, the overall H-SAF objectives have
been to

— show parameters (detection, cover, melting condi-
tions, water equivalent).

perform independent validation of the usefulness of new

products for mitigating against hazards due to floods,

landslides and avalanches, as well as for evaluating wa-
ter resources. Corresponding activities include

— downscaling/upscaling modeling from ob-

served/predicted fields to basin level;

— fusion of satellite-derived measurements with data
from radar and rain gauge networks;

— assimilation of satellite-derived products into hy-
drological models.

3. perform impact assessments of new satellite-derived
products on hydrological applications.

2 H-SAF project

2.1 H-SAF Consortium structure

The H-SAF is structured through a consortium of twenty
cooperating and/or participating entities representing eleven
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Table 1. Composition of H-SAF Consortium (organized in alphabetical order of participating countries).

Country Institution Acronym

Role in project

Austria Central Institution for Meteorology and ZAMG
Geodynamics

Leader for soil moisture

Austria Vienna University of Technology, De- TU-Wien Contributor to soil moisture
partment for Geodesy and Geoinforma-
tion
Belgium Royal Meteorological Institute IRM Contributor to validation and hydrovalidation
services
Bulgaria National Institute of Meteorology andNIMH Contributor to validation and hydrovalidation
Hydrology services
Finland Finnish Meteorological Institute FMI Leader for snow
France Meteo-France Ndteo-France Contributor to validation and hydrovalidation
services
Germany Federal Institute of Hydrology BfG Contributor to validation and hydrovalidation
services
Hungary Hungarian Meteorological Service OMSZz Contributor to validation services

International European Centre for Medium-Rang&ECMWF
Weather Forecasts

Contributor to “core” soil moisture

Italy Meteorological Service of the Italian ITAF  SMA-USAM/ Leading Institutet leader for precipitation
Air Force ITAF CNMCA
Italy Department of Civil Protection DPC Leader of product validation programme
Italy Telespazio TPZ Industrial Firm, contributor to engineering
and project control
Italy Italian National Research Council, In- CNR-ISAC Contributor to precipitation
stitute of Atmospheric Sciences and
Climate
Italy Ferrara University, Department of UNIFe Contributor to precipitation
Physics
Poland Institute of Meteorology and WaterIMGW Leader of hydrology programme
Management
Slovakia Slovak Hydrometeorological Institute SkMm Contributor to validation and hydrovalidation
services
Turkey Turkish State Meteorological Service TSMS Contributor to “core” snow
Turkey Anadolu University AU Contributor to snow
Turkey Istanbul Technical University, Meteoro-1TU Contributor to snow
logical Department
Turkey Middle East Technical University, Civil METU Contributor to snow
Engineering Department
Turkey Ondokuz Mayis University oMU Contributor to validation

European countries (Austria, Belgium, Bulgaria, Finland,
France, Germany, Hungary, ltaly, Poland, Slovakia, and
Turkey) as well as ECMWF, led by the Italian Meteoro-
logical Service which provides th@oordination and Cen-
tral Functionsfrom Rome and Pratica di Mare — i.e., from
ITAF’s headquarters of the Aeronautical Meteorological Ser-
vice (SMA) of the General Office for Air Space and Mete-
orology (USAM) and from ITAF's CNMCA (i.e., the lItal-
ian National Meteorological Center), respectively. The list of
participating Institutes is given in Table 1 together with their
roles in the H-SAF project.

Notably, the role of the participating institutions reflects
the overall technical and organizational architecture of th

— the Product Development and Generation Arahs-

tributed among five operational centers — the Italian
CNMCA for precipitation, the Austrian Central Insti-
tution for Meteorology and Geodynamics (ZAMG) and
ECMWEF for soil moisture, and the Finnish Meteorolog-
ical Institute (FMI) and the Turkish State Meteorologi-
cal Service (TSMS) for snow;

— the User Area,composed of two clusters, one for the

product validation (PV) program, coordinated by Italian
DPC, and the other for the hydrological validation (HV)
program, coordinated by Polish IMGW.

®We note that whereas the product generation activity is being

project, which is based on performed by meteorological services supported by scientific
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institutes specializing in remote sensing, the product vali-These activities are being carried out according to the follow-
dation and hydrological validation programs are being per-ing strategies and objectives:

formed by hydrometeorological services, hydrological sci-
entific institutes, and operational units responsible for civil
protection.

2.2 H-SAF CDOP-2 phase

On March 2012 H-SAF entered the five-year CDOP-2 phase,
guided by the commitment to provide products and services
in support of operational meteorology, hydrology, oceanog-
raphy, climate and risk management, and to accomplish the
following requirements:

1. Extend the limit of the long-term vision from 2015 up to
the time of the new generation of EUMETSAT satellites
— particularly, the geostationary (GEO) imaging and
sounding Meteosat Third Generation (MTG) satellites
and the low-Earth-orbiting (LEO) Post EUMETSAT
Polar System (Post-EPS) satellites, platforms that will
replace within a decade, respectively, the current GEO
Meteosat Second Generation (MSG) satellites and the
LEO Meteorological Operational (MetOp) satellites of
the EUMETSAT Polar System (EPS) program — so as to
concur in establishing their user requirements and po-
tential operational products.

2. Support the future role of the combined numerical mod-
els (hydrological, meteorological and oceanographic)
on estimation and forecast of precipitation, inland wa-
ters, sea circulation, climate monitoring, considering the
added value of satellite-derived products in producing
homogeneous maps of precipitation estimates over land
and sea, ground soil moisture and snow water equiva-
lent.

3. Exploit a wide range of current and future space mis-
sions for meteorology and altimetry (for ocean and
inland water), such as the MTG and Post-EPS satel-
lites, or the Sentinel satellites of the Global Monitor-
ing for Environment and Security (GMES) program,
which is a joint initiative of the European Commission
(EC) and European Space Agency (ESA), and finally
satellites and space missions being developed by extra-
European agencies — especially, the Core Observatory
of the Global Precipitation Measurement (GPM) mis-
sion (planned for launch in 2014), which is under joint
development by the US National Aeronautics and Space
Administration (NASA) and the Japan Aerospace Ex-
ploration Agency (JAXA).

4. Improve the provided service of online product vali-
dation, which would provide a level of confidence in
the products in such a manner to allow their use by
decision-making end users in risk management activi-
ties.

www.nat-hazards-earth-syst-sci.net/13/1959/2013/

— Concerningproducts

— to continue providing operational high-quality
products and services, enabling qualitative and
guantitative exploitation by end users of the various
precipitation, soil moisture, and snow products;

— to continuously improve product performance;

— to stepwise extend the coverage area, starting from
specific areas of Africa up to delivering products for
the full disk observed by MSG and, in the future, by
MTG;

— to develop new products related to the enhanced
technologies of upcoming space missions and
satellite-borne sensors;

— to perform independent product validation;

— to assess the usefulness of products for water cycle
issues — such as real-time flood risk management,
landslides, avalanches and evaluation of water re-
sources.

— Concerningservices:

— to improve the HV program, which, although in-
volving participation by eight countries for a total
of twenty one test sites, leaves many uncovered ar-
eas in Europe; an extension is thus foreseen into
the Iberian Peninsula, Great Britain, Scandinavia,
the Balkans and, due to the envisaged coverage ex-
tension, also into Africa, along with the differenti-
ation of hydrological models in order to improve
the coverage of hydrological basin dimensions,
geomorphological situations, and types of hydro-
logical regimes;

— to consolidate specific PV services, comprised of
online and off-line services: (1) online service is
based on near real-time characterization of each
product through the production of a quality index
(derived from the completeness and quality of the
input data used for each product generation) and a
confidence index (derived from the combination of
two statistical error parameters, the first of which
is calculated off-line to establish a long product se-
ries, while the second is calculated online for the
current product); and (2) off-line service is based on
the evaluation of the product accuracy using multi-
categorical and continuous statistics;

— to consolidate and improve service activities, such
as monitoring of service performances minimiz-
ing delays and preserving data integrity and har-
monization of the H-SAF data service within the
overall CDOP concept, also taking into account the
EUMETSAT policy towards GMES;

Nat. Hazards Earth Syst. Sci., 13, 198884, 2013
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— to progressively extend user support services; aimed at enhancing the use of satellite precipitation products

_ to provide efficient user support and training, as ~ €SPecially in developing countries. .
well as effective communications with user com- N addition, the international activity of H-SAF is con-

munities via an ever improving website coupled ducted via the newly established EUMETSAT Precipitation

with help-desk service. Science Advisory Group (P-SAG). This group provides ad-
vice and support to EUMETSAT on satellite-based precipita-
— Concerningarchitecture tion estimation in order to better coordinate all precipitation-

) o related activities carried out within the various SAFs. P-SAG
— to upgrade the system architecture: the distributedis the first organization of its kind. Its creation testifies to the
architecture among product-generating participantsimportance of precipitation in the context of EUMETSAT’s
will be consolidated, while CNMCA infrastructures - geryice policy for the coming years. P-SAG membership con-
will be upgraded both for product generation and g;sts of renowned scientists from throughout the world who
central services, in order to be able to sustain dis-cqyer all aspects of remote sensing, meteorology and hydrol-
aster recovery procedures of distributed generationygy as well as representatives of EUMETSAT Headquarters.
chains. H-SAF, the SAF on Climate Monitoring (CM-SAF) and the
SAF on Support to Nowcasting and Very Short Range Fore-
casting (NWC-SAF) are, in turn, being organized to form the
— to progressively extend the user community: Ta- EUMETSAT Joint Precipitation Working Group, which pro-
ble 2 shows a list of user communities that likely vides a link between the precipitation activities of the SAFs
would be interested in H-SAF products; by exchanging algorithms and products, and establishing a

— to provide support to other SAFs, especially those COIT m(l)ln Tr:erfa:ce totvyards tthetP-SAGt.t hich H-SAF h
concerned with nowcasting, land processes, and cIi-b ina yI'I de u mo? |mpct)_r an tprqjec dOW I(t:'b t i az
mate monitoring; een called upon to participate in and contribute towards

is the NASA-JAXA GPM mission Http://pmm.nasa.gov/

— to achieve complete and concrete synergies with thegp). The GPM Core Observatory is planned for launch in
other SAFs, as well as with the Central Facility, by 2014, hosting a new generation passive microwave radiome-
implementing a combined production strategy for ter, the GPM Microwave Imager (GMI), along with a Dual-
software development, maintenance, validation andfrequency Precipitation Radar (DPR). The strategy is to cal-
operations; ibrate the precipitation estimates of the entire constellation

—to intensify, in accordance with standing Of operational passive microwave radiometers with GMI
EUMETSAT policy, relationships with other DPR retrievals. H-SAF will provide its own algorithms and
SAFs, either through the mutual use of products Will be part of the international effort to ensure, to the degree
or through the definition of specific federated possible, 3-hourly coverage of precipitation over the entire
activities; globe.

— Concerningcooperation:

— to establish and carry on operational cooperation
with other space agencies involved in space mis- o
sions of interest for H-SAF — particularly, with 3 H-SAF precipitation products
NASA and JAXA in conjunction with the GPM

. Table 3 shows the complete list of precipitation prod-
mission.

ucts/algorithms for CDOP-2 and requires a somewhat de-

tailed explanation. The first three columns identify each of
2.3 H-SAF and international precipitation community the algorithms and associated products in three different

ways, these being a unique identification (ID) code (col-
Concerning the issue of international cooperation involv-umn 1), a brief algorithm/product description with a ver-
ing precipitation products, it is worth noting that H-SAF is sion number (optional) included (column 2), and an under-
an active member of the International Precipitation Work- lying base nhame acronym (column 3). The ID code consists
ing Group (IPWG) fttp://www.isac.cnr.itfipwg/), whose  of the letter “H” (signifying H-SAF) followed by a number
responsibilities include making available algorithms andidentifying a specific algorithm/product accounting for ver-
datasets for operational and scientific use. The IPWG is aion number and/or significant upgrades — i.e., the ID code
member of the Coordination Group for Meteorological Satel- changes whenever there is an important change in the algo-
lites (CGMS), an activity sponsored by the World Meteoro- rithm that is used to calculate its associated product. The
logical Organization (WMO). As a EUMETSAT contribu- base name acronym consists of the sequence PR#)BS-
tion, the H-SAF algorithms are part of the IPWG inventory of where “PR” indicates precipitation, “OBS” indicates obser-
satellite precipitation tools generating operational productsyvation (thus signifying that the associated precipitation prod-
H-SAF also participates in IPWG training activities that are ucts are based on satellite observations), while$ a num-
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Table 2. User communities potentially addressed by H-SAF.

1965

Entity Application Precipitation Soil moisture Snow parameters
. Fluvial basin Early warning of potential Landslides and runoff (forecast- Evaluation of flood damping or
Operational . ;
. .. management floods ing) enhancing factors

hydrological units
Territory Extreme events statistics andSoil characterization Monitoring and exploitation
management hydrological risk mapping. and hydrological of snow and glaciers for river

Public works planning. response units regime regularization

Water reservoir Inventory of potential stored Monitoring of available water to Monitoring and exploitation of
evaluation water resources sustain vegetation snow and glaciers for drinkable

water and irrigation

National Numerical weather Assimilation to represent latent Input of latent heat by Input of radiative heat
meteorological prediction heat release inside the atmo-evapotranspiration from surface to
services sphere through the planetary atmosphere
Evaluation of NWP model skill. boundary layer
Public information on actual Warning on the status Warning of avalanches
Nowcasting weather of the territory for
Warning for fishery and coastal transport n Tourism information
S emergencies
zone activities
Warning for agricultural works Assistance to aviation during
and crop protection takeoff and landing
) .. Representation of the Monitoring of Monitoring glacier extension
Climate monitoring . 2
global water cycle in desertification o
; ; Monitoring changes of plane-
general circulation models processes
tary albedo
Operational Numerical ocean Assimilation of fresh water in-
oceanography circulation mod- put to represent density, salin-
els ity and heat release inside the
ocean
Operational Numerical Assimilation of fresh water in-
climatology atmosphere— put to represent density, salin-
ocean  coupled ity and heat release inside the
models ocean

Civil protection

Preparation for
emergencies

Progressive level of attention Monitoring  soil
function of rainfall monitoring  growth

moisture Monitoring snow accumulation

Preparation of facilities and Planning of in-field activities Planning of in-field activities

staff for a possible emergency for event mitigation

for event mitigation

Emergency man-
agement

Alert to population Operational

conditions  for Operational

conditions  for

transport and use of staff andtransport and use of staff and

mitigation facilities

mitigation facilities

Post-emergency
phase

Deranking of alert level

and monitoring of gation facilities

Withdrawing of staff and miti- Withdrawing of staff and miti-

gation facilities

event cessation .

Assessment of vulnerability to Assessment of vulnerability to
possible event iteration possible event iteration

Research &
development
activities

Meteorology

Assessment of the role of
observed snow parameters

Improved knowledge of the pre- Assessment of the role of
cipitation process observed soil moisture in

NWP, either for verification
or initialization

in NWP, either for

Assimilation of precipitation verification or initialization

observation in NWP models

Hydrology

Downscaling/upscaling of satel- Downscaling/upscaling of satel- Downscaling/upscaling of satel-
lite precipitation observations lite soil moisture observations lite snow observations

Fusion with ground-based ob- GIS-based fusion with ground- GIS-based fusion with ground-
servations based observations based observations

Assimilation and impact studies  Assimilation and impact studies ~ Assimilation and impact studies

Civil protection

Decisional models for the alertOrganizational models for oper- Organizational models for oper-
system ating over moist soil ating over snow

Oceanographic
units

Evaluation as part of the global
water cycle

www.nat-hazards-earth-syst-sci.net/13/1959/2013/
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Table 3. H-SAF precipitation algorithms/products developed for or under development for CDOP-1 and CDOP-2 (see text for details).
(Products developed during DP and CDOP-1 phases for H-SAF area are indicated with *.)

ID Code  Algorithm/product description Base name acronym  Timeliness Spatial coverage

HO1* Precipitation rate at ground from microwavePR-OBS-1 2.5h H-SAF area/MSG full disk
(MW) conically scanning radiometers (SSMIS)
using a Bayesian (CDRD) algorithm (with
phase flag) — Version 1

HO2* Precipitation rate at ground from MW cross-PR-OBS-2 30min/2.5h H-SAF area/MSG full disk
track scanning radiometers (AMSU-AMHS)
using a neural network (PNPR) algorithm (with
phase flag) — Versions 1/2

HO3* Precipitation rate at ground from the blended®R-OBS-3 15min/25min  H-SAF area/MSG full disk
GEO/IR-LEO/MW  rapid-update technique
(NRLT)

HO4* Precipitation rate at ground by LEO/MW sup-PR-OBS-4 4h/5h H-SAF area/MSG full disk

ported by GEO/IR (with phase flag): advection
of MW rain fields is merged with a morphing
technique based on a forward-backward com-
putational scheme
HO5* Accumulated precipitation at ground fromPR-OBS-5 15min/25min  H-SAF area/MSG full disk
blended LEO/MW + GEOI/IR supported by
precipitation analysis (NWP first guegsrain
gauges) and adaptive statistical correction
H15* Convective precipitation rate at ground fromPR-OBS-6 15min/25min  H-SAF area/MSG full disk
blending of LEO/MW precipitation rates and
GEO/IR brightness temperatures after a pre-
screening using NEFODINA convective mask
H17 Precipitation rate at ground from MW coni-PR-OBS-1 25h MSG full disk
cally scanning radiometers (SSMIS) using a
Bayesian (CDRD) algorithm (with phase flag)
— Version 2
H18 Precipitation rate at ground from MW cross-PR-OBS-2 2.5h MSG full disk
track scanning radiometers (AMSU-AMHS)
using a neural network (PNPR) algorithm (with
phase flag) — Version 3
H19 Precipitation rate at ground from GPM CorePR-OBS-7 NA MSG full disk (except for polar zones)
Satellite GMI measurements (with DPR sup-
port) using a Bayesian (CDRD) algorithm (with
phase flag)
H20 Precipitation rate at ground from GPM CorePR-OBS-8 NA MSG full disk (except for polar zones)
Satellite GMI measurements (with DPR sup-
port) using a neural network (PNPR) algorithm
(with phase flag)
H21 High frequency MW delineation of cloud areasPR-OBS-9 25h MSG full disk
having a possible new development of hydrom-
eteors: detection is carried out by combining
different MHS channels
H22 Snowfall intensity calculated by a dedicated®R-OBS-10 25h MSG full disk
module of the 183-WSL method using a com-
bination of MHS channels

H40 Precipitation rate at ground from the blended®R-OBS-3-FCI 15min/25min  H-SAF area/MTG full disk
GEO/IR-LEO/MW  rapid-update technique
(NRLT)

H41 Precipitation rate at ground by LEO/MW sup-PR-OBS-4-FCI 4h/5h H-SAF area/MTG full disk

ported by GEO/IR (with phase flag): advection
of MW rain fields is merged with a morphing
technique based on a forward-backward com-
putational scheme
H42 Accumulated precipitation at ground fromPR-OBS-5-FCI 15min/25min  H-SAF area/MTG full disk
blended LEO/MW + GEO/IR supported by
precipitation analysis (NWP first guegsrain
gauges) and adaptive statistical correction
H50 Convective precipitation rate at ground by using’R-OBS-11-LI 15min Europe
lightning rate occurrences from LI supported by
GEO/IR and rainfall patterns
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ber designating a particular algorithm methodology, regard-infrared/microwave (IR-MW) precipitation products, PR-
less of its associated algorithm/product version. In addition, 2OBS-3 and PR-OBS-4 (both developed by CNR-ISAC) and
base name acronym may terminate with the letter sequence3R-OBS-6 (developed by CNMCA), which utilize infrared
“FCI” or “LI", indicating that a future product will be mak- (IR) measurements taken by the MSG SEVIRI in combi-
ing use of measurements from the Flexible Combined Im-nation with previous PMW-only precipitation estimates. Fi-
ager (FCI) or Lightning Imager (LI) instruments scheduled nally, there is an accumulation-based product, PR-OBS-5
for flight on future MTG satellites. Note that the table is or- (also developed by CNMCA), which accumulates precipita-
ganized according to increasing ID code. tion on the SEVIRI grid presently obtained from PR-OBS-3
The next two columns in Table 3 provide the so-called (but in the future this will also be done in conjunction with
timeliness (column 4), a vital user parameter which is de-PR-OBS-4).
fined as the time interval between a level 1 observation and During CDOP-2 all six algorithms and products will be
its associated product availability at the user site (assumupgraded and extended to cover the MSG full disk area.
ing a means of data dissemination has been defined), anbdloreover, several important changes are foreseen for some
the spatial coverage domain for each product (column 5)algorithms. Thus, H17 and H18 will replace HO1 and HO2 for
Note that there are two main options for the spatial cov-PR-OBS-1 and PR-OBS-2, respectively. In addition, other
erage, these being the nominal H-SAF area’® (2575 N new products will be generated during CDOP-2 — especially,
latitude, 25 W-45° E longitude) and a wider area covering products for the future MTG satellites and the Core Obser-
the full disk observed by the Spinning Enhanced Visible andvatory of the GPM mission. For example, H40, H41 and
InfraRed Imager (SEVIRI) instrument onboard GEO MSG H42, which will be based on the FCI instrument onboard
satellites. (Note, however, that products making use of MSGMTG (replacing and extending the SEVIRI radiometer on-
data extend to 69atitude/longitude only because of parallax board MSG), will replace HO3, HO4 and HO5 for PR-OBS-3,
issues.) Also note that several products show both optionsPR-OBS-4 and PR-OBS-5, respectively, while PR-OBS-11
This is because these products are first generated for the Hwill be developed by CNMCA for the LI instrument onboard
SAF area and then extended to the MSG full disk area fol-MTG, and PR-OBS-7 and PR-OBS-8 will be developed by
lowing an evolution of the corresponding algorithms, and/or CNR-ISAC for GPM’s GMI radiometer with the GPM DPR
because there are important differences in the timeliness asadar providing supporting information. Finally, two new
sociated with each area — as indicated in corresponding rowproducts (PR-OBS-21 and PR-OBS-22), which make use of
of column 4. high frequency MW channels on the MHS radiometers, are
Six different precipitation products have been developedpresently under development by CNR-ISAC.
during the DP and CDOP-1 phases; these are marked with an Finally, each product will be supplied with a pixel-based
asterisk in column 1 of Table 3 and refer to the H-SAF areaquality flag, which will offer to the end users an effective
only. Two of these products are based on passive microwaveriterion for evaluating the products and assist in their appo-
(PMW) measurements taken from radiometers onboard difsite selection and application for a given analyzed situation
ferent sun-synchronous near-polar-orbiting LEO sateflites or scenario. Specifically, for each precipitation product, the
PR-OBS-1, which is developed by CNR-ISAC, utilizes the quality flag is evaluated so as to take into account particular
Special Sensor Microwave Imager/Sounder (SSMIS) coni-aspects of the associated algorithm, as well as characteristics
cally scanning radiometers flown onboard satellites of theof the input data (satellite data or other precipitation prod-
US Defense Meteorological Satellite Program (DMSP) (noteucts), and of the observed event — all of which influence the
that PR-OBS-1 was originally conceived to utilize the overall reliability of the precipitation product itself.
Special Sensor Microwave Imager (SSM/I) on an earlier
generation of DMSP satellites, now no longer available),3.1 PR-OBS-1
while PR-OBS-2, which is also developed by CNR-ISAC,
utilizes the coupled Advanced Microwave Sounding Unit PR-OBS-1 is based on a physically based Bayesian PMW
A (AMSU-A) and Microwave Humidity Sounder (MHS) precipitation retrieval algorithm that has been developed ac-
cross-track scanning radiometers that are flown onboaraording to a new methodology called Cloud Dynamics and
the US National Oceanic and Atmospheric Administration Radiation Database (CDRD), an evolution of the more tra-
(NOAA) Polar-orbiting Operational Environmental Satel- ditional Cloud Radiation Database (CRD) methodology —
lites (POES), referred to as NOAA-18 and NOAA-19, as see Saa et al. (2013), Casella et al. (2013) and Smith
well as on EUMETSAT’s two Meteorological Operational et al. (2013) for a thorough presentation of the CDRD
satellites MetOp-A/B. Then, there are the three combinedmethodology and algorithm, and also Mugnai et al. (2013)
for a historical overview of the CRD and CDRD method-

1 For exhaustive and detailed information on all past, present0l0ogies and applications. The main objective in transform-
and planned Earth observation satellites and instruments, see tH8g from CRD to CDRD has been to reduce non-uniqueness
Observing Systems Capability Analysis and Review Tool (OSCAR) problems  affecting retrieval solutions (Panegrossi et al.,
web page developed by WMOhttp://www.wmo-sat.info/oscar/ 1998) by selecting, for any given observational situation,
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microphysical profiles from the database, which constituteswith the SSMIS high-frequency window channel resolution.
the a priori knowledge for the Bayesian solver, that are op-The observing cycle of the PR-OBS-1 product depends on
timally consistent with environmental conditions. This is the SSMIS swath width~{ 1700 km), and on the number and
achieved by using dynamical-thermodynamical-hydrologicalequatorial crossing times (ECTs) of available DMSP satel-
(DTH) parameter constraints in addition to multispectral lites. In general, each point on the earth’s surface is observed
PMW brightness temperatures (TBs) measured by availabléwice per day by each satellite (i.e., once in descending mode
satellite-borne radiometers — see 8at al. (2013) for ade- and once, about half a day later, in ascending mode). How-
scription of the CDRD algorithm and Smith et al. (2013) for ever, coverage density increases with latitude, and whereas
a detailed analysis of the selection of an optimal set of DTHat low latitudes there are gaps between the swaths of suc-
parameters. cessive orbits, at high latitudes there are more than two ob-

The CDRD algorithm developed for PR-OBS-1 makes servations per day because of partial overlap of successive
use of a large database of simulated precipitating cloudswaths. At present, there are three DMSP satellites flying
structures, associated DTH variables and associated top-oBSMIS radiometers: DMSP F16, DMSP F17 and DMSP F18
atmosphere satellite-view TBs that have been generated blyaving descending ECTs at approximately 05:30, 05:50 and
first simulating 60 different precipitating events over the Eu- 08:10 mean local solar time (LST), respectively. (Note that
ropean/Mediterranean Basin region by means of the cloudvhereas the ECTs remain nearly constant throughout a given
resolving model (CRM) Non-hydrostatic Modeling System year, orbit drift will cause slow changes over time — see, e.g.,
(NMS) of Tripoli (1992) and Tripoli and Smith (2013a,b). http://www.ssmi.com/support/crossitignes.html) Thus, it
The simulation outputs (that is the vertical profiles of can be assumed that on a given day the entire H-SAF area is
meteorological-microphysical variables) have been then procurrently observed by available SSMIS radiometers at least
cessed by an advanced radiative transfer model (RTM) tdhree times in the early morning and three more times in
produce associated modeled TBs as counterparts to observéide late afternoon. By the same token, since the radiometer
TBs (see Casella et al., 2013). The CDRD algorithm has beescan swaths extend over more and more time zones as lati-
tested and verified, with improved results as compared to dude increases in either hemisphere, the actual local times at
corresponding CRD algorithm. This was accomplished bywhich a given location on the earth’s surface is observed by a
focusing in a very detailed fashion on several precipitationgiven radiometer may change considerably (even hours). As
case studies involving a mix of highly variable convective a consequence, the actual interval between successive obser-
and stratiform rain situations over Italy’s Lazio region that vations may also change considerably (say, from abg2ihl
were observed both by SSM/I and SSMIS radiometers ando a few hours) for both the morning and afternoon observa-
by the polarimetric Polar 55C Doppler C-band radar sys-tions, depending on latitude and the concomitant swath over-
tem operated at CNR-ISAC in Rome, a precision radar sysiap factor. An example of a PR-OBS-1 product, as a portion
tem which was used as the verification standard (se® Sanof Fig. 2, is shown and discussed within the next subsection.
et al., 2013). The verification results were excellent. In ad- Within the DP and CDOP-1 phases, the PR-OBS-01 prod-
dition, retrievals from the CDRD algorithm for one-year of uct corresponding to the CDRD methodology is referred to
TRMM Microwave Imager (TMI) observations taken over as HO1. This product is now operational over the H-SAF area
the southern Mediterranean region (TRMM refers to theand will be soon extended to the MSG full disk. In addition,
NASA-JAXA Tropical Rainfall Measuring Mission and the during CDOP-2 the CDRD methodology will continuously
associated satellite observatory) have been compared againstolve with a new product (H17) foreseen for early 2014
corresponding retrievals from TRMM'’s official TMI algo- with extensions to the MSG full disk. Finally, a new prod-
rithm using the TRMM Precipitation Radar (PR) as the com-uct (H19) will be developed, within the GPM/H-SAF part-
parison reference standard. Whereas the over ocean retrievatership, for the GPM Core Observatory’s GMI radiometer
were nearly equivalent (with the CDRD algorithm indicating using the same CDRD methodology, but also taking advan-
slightly better comparison statistics), the over land CDRDtage of distinct and correlated Ka/Ku-band radar information
results indicate significant improvement with respect to theprovided by the new GPM DPR radar.
official TMI algorithm (see Mugnai et al., 2013).

The CDRD algorithm has been designed for applications3.2 PR-OBS-2
with a variety of conically scanning MW radiometers fly-
ing on current and future satellites. However, in its presentThe algorithm used for the current operational version
version for PR-OBS-1, it is applied to SSMIS radiometer of PR-OBS-2 was originally inspired by the artificial
observations only (with the necessary accompanying DTHneural network (ANN) approach of Surussavadee and
observations obtained from analysis and forecast data proStaelin (2008a,b), who developed an ANN-based precip-
duced by ECMWF’'s operational forecast model). The al-itation retrieval algorithm for applications with measure-
gorithm is operational and provides instantaneous surfacenents from AMSU-A+ MHS (or + AMSU-B, i.e., MHS'’s
precipitation rate (as well as an indication of precipitation ancestor instrument on an earlier generation of NOAA-
phase) at 13.2 15.5kn? horizontal resolution, consistent POES satellites), trained through a database generated from
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CRM simulations of several precipitation events around Analogous to PR-OBS-1, the observing cycle of the PR-
the globe carried out by means of the PennsylvaniaOBS-2 product depends on the swath widths of AMSU-A
State University/National Center for Atmospheric Researchand MHS ¢ 2050 km and~ 2150 km, respectively), as well
(PSU/NCAR) Mesoscale Model 5 (MM5) described by Dud- as on the number and ECTs of the satellites containing this
hia (1993) and Grell et al. (1994). instrumental suite. Currently, there are four such satellites —
Within H-SAF, this new ANN algorithm has been mod- NOAA-18 and NOAA-19, both having descending ECTs at
ified and optimized for the European/Mediterranean Basinabout 01:30LST, and MetOp-A and MetOp-B, both having
area. It is referred to as the Passive-microwave Neuraldescending ECTs at about 09:30LST. (As for DMSP satel-
network Precipitation Retrieval (PNPR) algorithm (see Mug- lites, orbit drift can cause slow changes in the ECTs over
nai et al., 2013), being based on a newly developed optimatime.) Thus, on a given day, the entire H-SAF area is ob-
three-layer ANN trained using the same 60 NMS simulationsserved by the AMSU-A+ MHS radiometer pairs at a min-
and the same RTM code used for the CDRD algorithm ofimum of eight distinct times (i.e., twice before 01:30LST,
PR-OBS-1. This choice has been motivated by the H-SAFRwice before 09:30 LST, twice after 13:30LST and twice af-
requirement for seeking consistency between the PR-OBS-1er 21:30 LST), while surrounding each nominal time event
and PR-OBS-2 products when the algorithms are applied tadhere may other time events because of overlapping swaths as
close-in-time measurements acquired by conically and crosdatitude increases. And again, as for the SSMIS observations,
track scanning radiometers for the same rainfall event. Thabecause of the wide swaths the actual local times at which a
is the reason why the training database for the PNPR algogiven location on the earth surface is observed by the various
rithm is based on the same physical foundation used for théMSU-A and MHS radiometers may change considerably
CDRD algorithm. Moreover, the two algorithms use the same(even hours).
procedures to determine the phase of the retrieved precipita- The PR-OBS-2 product is operational and consists of
tion (following the studies of Grody et al., 2000; Rosenkranz,the surface precipitation rate with an indication of phase.
2003; and Surussavadee and Staelin, 2009), as well as th&hereas the original PR-OBS-2 product (H02) used the Su-
same precipitation screening methodology following an al-russavadee and Staelin (2008a,b) methodology and was ap-
gorithm developed by Chen and Staelin (2003), and finallyplied to the H-SAF area only, the new PNPR algorithm being
the same specially tailored surface identification proceduresised for PR-OBS-2 uses the independently developed ANN
(see Mugnai et al., 2013). for CDOP-2 and will be soon extended to the MSG full disk.
The simulated satellite TB vectors are consistent withThis algorithm will eventually evolve into H18 by 2014. In
the AMSU-A and MHS channel frequencies and have in-addition, a new product (H20) will be developed for GPM'’s
stantaneous fields of view (IFOVs) at the ground that de-GMI, perhaps adopting an even more refined ANN proce-
pend on the view angle along the scan. In order to producelure, but one maintaining consistency with the correspond-
unique relationships between the TB vectors for the individ-ing GPM Bayesian CDRD product (H19).
ual viewing angles and the associated surface precipitation Figure 2 shows a comparison between the PR-OBS-1 and
rates, a variable sensor resolution, defined according to th®R-OBS-2 maps of surface precipitation rate for two close-
nominal MHS resolution (varying from 16 16 kn¥circular  in-time SSMIS and AMSU-A+ MHS observations of an
at nadir to 26x 52 kn?/oval at scan edge), has been cho- intense precipitation event that caused extensive flooding
sen as the PR-OBS-2 product spatial resolution. As in-and damage along the northern Tyrrhenian coasts of Italy
put data, the algorithm incorporates TBs measured by then 25 October 2011. Similar to the findings of Mugnai et
AMSU-A and MHS radiometers: three AMSU-A channels al. (2013) for a different case study, there is close correspon-
(50.3+0.50, 52.8£0.105, 53.596:-0.115GHz), all five dence in rain rates for the heavy precipitation areas (in spite
MHS channels (82 0.9, 150+ 0.9, 183.31 1, 183.31+ 3, of a 21 min difference between the two observations), noting
183.31+ 7GHz) and various additional channel-derived that differences are more evident for the light precipitation
variables. In addition, several geophysical/geographical paareas over the North Sea.
rameters (i.e., latitude, terrain height, surface type, season)
are used as input data to guide the PNPR algorithm toward8.3 PR-OBS-3
selecting values of the ANN coefficients that are most repre-
sentative of an observed scene. The pixel number along thBR-OBS-3 provides an instantaneous rain intensity product
scan is an additional input parameter used by the ANN for(HO3) at the temporal (15min) and spatiat 8 km over
reducing, according to Goldberg et al. (2001), limb smear-the H-SAF area) resolution of the MSG SEVIRI, using
ing produced by the changing atmospheric path length alonghe blended-satellite rapid-update technique originally de-
the scan. The algorithm uses a unigue ANN that retrieves theeloped at the US Naval Research Laboratory (NRL) — and
surface precipitation rate for all types of surface backgroundgherefore referred to as NRL Technique (NRLT) — which is
represented in its database, i.e., land, ocean, ice, snow drased on a real-time, underlying collection of time and space
coast. matching of IR TBs at 10.8 um from GEO satellites and rain
intensity estimations from PMW satellite sensors (Turk et
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PR-OBS-1 - CDRD Algorithm PR-OBS-2 - PNPR Algorithm
25 Oct. 2011, 18:39 UTC - DMSP-F18 25 Oct. 2011, 18:18 UTC - MetOp-A
[resolution: 13.2 x 15.5 km?] [resolution: 16 x 16 km? at nadir ; 26 x 52 km? at scan edges]
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Fig. 2. Example of PR-OBS-1 and PR-OBS-2 precipitation rate retrievals on 25 October 2011. The left panel shows HO1 product relative
to a SSMIS (DMSP F18) overpass at 18:39 UTC, while the right panel shows near-correlated HO2 product relative to an AMSYEA
(MetOp-A) overpass at 18:18 UTC.

al., 2000; Turk and Miller, 2005; Torricella et al., 2007). weak connection between the rain intensity and IR TBs with
The NRLT processing is triggered as soon as a new slot ofhe calibration of the IR TBs by the PMW rain rates. Figure 3
SEVIRI data at 10.8 um is available. As a second step, theshows an example of PR-OBS-03 relative to 25 October 2011
identification of the PMW measurements coincident in timeat 00:12 UTC —i.e., for the same event shown in Fig. 2. No-
and space with the TBs at 10.8 um of the currently processethably, the precipitation rate map is given at a time when no
SEVIRI image is performed. The coincident data are subseMW radiometer overpasses were available.
quently located in a geographical latitude/longitude grid, and Recently, the HO3 product entered the CDOP-2 phase in
for each grid box the histogram of the IR TBs and that of the pre-operational stage with the NRLT fed by the H02
the corresponding PMW rain rates are built and then com-product. In the near future, the processing chain of PR-
bined by means of a probabilistic histogram matching tech-OBS-3 will be improved by activating new software modules
nique (Calheiros and Zawadzki, 1987) to produce geolocatedor merging the HO1 and HO2 input data and implementing
TB vs. PMW rain-rate relationships. These relationships area preventive classification of cloudy pixels into precipitat-
then used to assign a rainfall intensity value to each SEVIRIing and non-precipitating. These lines of development tackle
pixel. the two main drawbacks of PMW-IR blended techniques:
As soon as a grid box is refreshed with new data, the(1) the lack of a regular and possibly uninterrupted flux of
corresponding relationship is renewed using updated IR TBPMW precipitation products, which has implications on the
and PMW rain-rate histograms. Relationships older than 24 lcontinuous updating of the IR TB vs. PMW rain-rate rela-
with respect to the acquisition time of the IR TB are consid- tionships; and (2) the erroneous precipitation assignments to
ered unreliable and consequently no rainfall intensity valuescold thin clouds such as cirrus, due to the fact that the blended
are assigned until a refresh of the relationship is done. Theéechniques assume the colder the cloud top, the higher the
key point of this technique is thus to provide instantaneousassociated precipitation intensity value. The synergistic use
rainfall estimations at the GEO spatial and temporal scalespf HO1 and HO02, taking into account their different resolu-
which are consistent with the nature and development of thdions, error structures and other characteristics, will assure a
precipitating cloud systems, by overcoming the scarcity ofhigher number of suitable PMW passages than the present
PMW overpasses with the more frequent GEO slots and theituation. The cloud classification issue will be tackled with
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EUMETSAT H-SAF PR-OBS-3 Instantaneous Rain Rate retrieved from |R-MW blending data are “morphed” (i.e_, time_Weighted via a linear interpo|ation
3 method) so as to generate a synthetic PMW rain field at any
M time within the two PMW observations.

Within H-SAF the CMORPH method has been customized
with the official rain-rate fields from PR-OBS-1 and PR-
OBS-2, which are combined to produce a merged rain field
rescaled on a pre-assigned grid having 8 km spatial resolution
and with a 30 min sampling time. Then, propagation vector
matrices, which are produced by computing spatial lag corre-
lations over successive images of the MSG 10.8 um channel,
of are used to propagate these rain maps in time and space as
described above (note that all rain fields within each tab
itude/longitude box are propagated in the same direction).

At present, PR-OBS-4 is in the pre-operational stage and
; T T - it is not generated on a regular basis. A prototype example of
Blending of SEVIRI IR+SSM/I-SSMIS+AMSU MW. Instantaneous Rain Rate (mm h+): 20111025 0012 CMORPH in the H_SAF 0perati0na| SCheme using the 183_
WSL rain retrieval method of Laviola and Levizzani (2008,
2009, 2011) is provided in Fig. 4.

In the framework of H-SAF, the PR-OBS-04 algorithm
runs in a dedicated operational chain producing one morphed

a twofold approach. First, the cloud classification productsfain map every 3—4 h. The exact time rate for the morphing

from the NWC-SAF (e.g., cloud type) and from CNMCA product will be fixed once all testing stages are completed.

(e.g., NEFODINA, which is described in Sect. 3.6) will be During CDOP-2, PR-OBS-4 will be extended to the MSG

exploited to distinguish convective and non-convective, pre-full disk and successively will be modified to ingest the GEO

cipitating and non-precipitating, and cirrus clouds (these lat-satellite data from the FCI instrument onboard MTG (prod-

ter to be removed). Second, the SEVIRI spectral channel$/Ct H41 in Table 3).

sensitive to microphysical properties at the cloud top will

be exploited in combination with a scattering index derived3.5 PR-OBS-5

from the quasi-window channels of the 183 GHz band of

MHS to build up a “precipitation mask”. PR-OBS-5 provides an accumulated precipitation product at
In addition, during CDOP-2 the geographical region of ground (H05), which is based on a procedure that uses as

PR-OBS-3 production will be enlarged to include the MSG input the precipitation intensities generated by PR-OBS-3

full disk area. Moreover, the algorithm will be expanded for (@nd soon by PR-OBS-4) over the H-SAF area. The prod-

the ingestion of the MTG FCI data (product H40 in Table 3). Uct is generated for each SEVIRI pixel, which has an IFOV
of about 8km in the H-SAF area. However, 3—4 SEVIRI

3.4 PR-OBS-4 neighboring pixels are convoluted in such a way that the ac-
tual PR-OBS-5 spatial resolution is 30 km. Nevertheless, the
PR-OBS-04 is based on the precipitation rate merging techsampling is still made at 5 km intervals, roughly consistent
nique called CMORPH (CPC MORPHing technique), which with the SEVIRI pixel grid over Europe. The product is gen-
has been developed at NOAA Climate Prediction Centererated every 3 h, and provides the accumulated precipitation
(CPC) (see Joyce et al., 2004). CMORPH fills up the discon-over 3, 6, 12, and 24 h prior to the reference time (i.e., nom-
tinuity in the PMW rain maps that is due to the (often large) inal time). Based on the H-SAF requirements, every 3 h the
time gaps between successive LEO satellite overpasses, 05 product is processed over the entire H-SAF area within
generating synthetic PMW rain fields at any time betweenl5 min following the delivery of the parental product HO3,
two successive PMW observations using their PMW rain es-which has a timeliness of 15 min itself. The final timeliness
timates and the advection vectors, calculated with GEO IRrequired for HO5 over the H-SAF area is therefore 30 min.
data, that connect these estimates in space and time. Specifi-In the current operational version of PR-OBS-5 at
cally, this technique, which may yield precipitation fields that CNMCA, the product is derived by a simple time integration
are almost continuous both spatially and temporally, consist®f HO3 rain-rate data (96 samples dayat 15 min intervals
in a forward-backward procedure in which the shape and in-over 3, 6, 12 and 24 h. The alternative accumulated precipi-
tensity of the PMW rain field at the time of any LEO satellite tation product derived from PR-OBS-4 will be implemented
overpass is forward propagated, using GEO IR motion vecwhen PR-OBS-4 is run routinely at CNMCA.
tors, up to the PMW rain field of the successive LEO satellite Considering the design of the precipitation products gen-
overpass, while this latter rain field is backward propagatederating chain (fully described in Sect. 4), any improvement of
to the first one. Then, the two resulting partial rain fields the parental products of PR-OBS-5 (i.e., PR-OBS-3, which is

Fig. 3. Example of PR-OBS-3 precipitation rate on 25 October 2011
at 00:12UTC.
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Fig. 4. Example of CMORPH algorithm applied to PMW precipitation intensities retrieved by 183-WSL algorithm of Laviola and Levizzani
(2008, 2009, 2011) for a severe storm over southern Italy during October 2009. PMW rain rates at 01:00 UTC are “morphed” to successive
PMW rain-rate estimates at 05:00 UTC. Note that the last two panels, representing CMORPH outputs at 05:30 and 06:00 UTC, respectively,
are used to describe CMORPH reconstruction of the rain field between PMW rain rates at 05:00 and 06:30 UTC.

affected, for example, by a bias towards the convective con-  that in the current configuration, a simple bias removal
tribution to the precipitation estimate) will have a positive algorithm is employed).
impact on the scores of PR-OBS-5. Moreover, a new ver-

sion of the PR-OBS-5 algorithm has been designed, which igFigure 5 shows an example of the difference between the
based on a two-step approach: currently operational and the new version of PR-OBS-5 for

17 April 2012. Evidently, the introduction of ancillary in-
1. Use of independent sources of information to take intoformation in the new version leads to a difference of the
account the real-time observed precipitation data fromaccumulated precipitation in some areas (i.e., southern Adri-
rain-gauges and weather radars, to obtain the “combineditic Sea) as large as 3 mm.
observed precipitation field”; moreover, introducing a
very short-term forecast from numerical weather pre-3.6 PR-OBS-6
diction (NWP) models, acting as first-guess, a real-time

objective analysis is performdédnalysis step) PR-OBS-6 provides an instantaneous convective precipi-

tation product (H15) at the temporal (15min) and spa-

2. Real-time correction by means of classical statisticaltial (~8km over the H-SAF area) resolution of the MSG
techniques, using the accumulated precipitation analy-SEVIRI, which is based on the combined use of the blended-
sis field as a proxy observatidoorrection step)note satellite rapid-update NRLT technique (see Sect. 3.3) and
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Fig. 5. PR-OBS-5 generated 6-hour accumulated precipitation on 17 April 2012: top left panel shows results from current operational
algorithm (PR-OBS-5); top right panel shows results from analysis step; bottom left panel shows results from new version of algorithm
(PR-OBS-5%); and bottom right panel shows differences between new and original versions of the algorithm (PR-OBS-5*~PR-OBS-5).

of the DYNAmic NEFOanalysis (NEFODINA) technique NEFODINA is an important nowcasting application that can
(Puca et al., 2005; see also Melfi et al., 2012), which isbe used to diagnose cloud convective activity and evaluate
used for generating a convection mask and for redistributingooth its severity and potential development.
the initial precipitation estimation, made by PR-OBS-1 and It is well known that PMW estimates are affected by a
PR-OBS-2, according to the characteristics of the convectivdow spatial resolution, which causes significant underestima-
cells. tion of precipitation associated with small-scale convective
During the H-SAF DP phase, the performance of thecells. This problem is tackled by the PR-OBS-6 product, in
NRLT technique was evaluated by means of a specific validawhich NEFODINA is used to improve the convective precip-
tion activity, which demonstrated that a preliminary screen-itation retrieval, as compared to PR-OBS-3, both by defin-
ing between convective and stratiform clouds has a posiing the areas of convection and by redistributing the initial
tive impact in establishing IR-TB—rainfall-rate relationships. rainfall-rate estimation, made by PR-OBS-1 or PR-OBS-2,
Such a screening can be accomplished by means of thaccording to the spatial variability and extension of the con-
NEFODINA technique, which was developed at CNMCA vective cells characterized by the most intense precipitation
for the detection and classification of convective cloud sys-(see Antonelli et al., 2011). As an example, Fig. 7 shows the
tems and the monitoring of their life cycles. Specifically, difference in 3 h accumulated precipitation when PR-OBS-3
NEFODINA uses a multichannel approach based on the IRand PR-OBS-6 are used as input. The intense convective pre-
window at 10.8 um and the water vapor (WV) absorption cipitation that produced a highly damaging flash flood over
bands at 6.2 um and 7.3 um to provide information on con-northeastern Sicily on 1 October 2009 is more evident when
vective objects (COs) within cloud systems, from mesoscald?R-OBS-6 is used; in addition, in this case the accumulated
convective systems down to single cell thunderstorms. In parprecipitation values are much closer to those that had been
ticular, NEFODINA produces images that identify cells, their measured by the rain gauges of the Italian Department of
development phase (developing/dissolving), and their moveCivil Protection — up to 198- —200 mm in less than 6 h.
ment. In addition, these output images are associated with During CDOP-2 the geographical region of PR-OBS-6
gquantitative information on the IR and WV channel TBs, will be enlarged to include the full disk area. Moreover, the
along with the CO shape, slope index (i.e., the spatial TBalgorithm will be expanded so as to include the new product
gradient), CO extension area, and CO mean and minimund50 for estimating convective precipitation from the MTG
TB values, to build a convection mask. An example of the LI data.
NEFODINA product is presented in Fig. 6, showing that
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Fig. 6. Example of NEFODINA product from MSG imagery over S —
northwestern Algeria and northeastern Morocco on 29 May 2011

at 17:00 UTC. Blue shades are used to show the cloud system dFig. 7. Accumulated precipitation (mm) for previous three hours on
interest. Dark blue shades are used for low clouds, whereas light October 2009 at 21:00 UTC, where PR-OBS-3 (left panel) and
blue/yellow shades are used for high clouds. Red shades indicatBR-OBS-6 (right panel) are used for accumulating.

cloud tops of convective cells in development phase. Pink shades

indicate cloud tops of convective cells in dissipation phase. The

darkest red and pink shades indicate the most intense convective . . .
regions. P and EUMETSAT-EPS are received both via direct readout,

through tracking antennas dedicated to polar satellite acqui-
sition, and EUMETCast. A 2.7m diameter antenna, with
dual feed for L- and X-band reception, has been prepared
4 H-SAF precipitation product generating chain to receive data from future polar satellites. The EUMETSAT
Advanced Retransmission System (EARS), disseminated by
The architecture of the precipitation product generating chairdigital video broadcasting via EUMETCast, allows reception
at CNMCA is dedicated to the acquisition of satellite data, in near real time of the NOAA and MetOp data covering Eu-
data pre-processing and post-processing, and production gbpe and North America (see Fig. 8), but it does not receive
precipitation maps. The first configuration of the architecturethe SSMIS data. For this reason, DMSP calibrated and geo-
has been reported by Zauli et al. (2007, 2009) and consists afeferenced data (level L1C) are received via FTP from the
four different parts: (1) reception of satellite data dedicatedUK Met Office, which retransmits global orbit data produced
to precipitation retrievals, (2) map elaboration and dissemi-by NOAA. SEVIRI data from MSG are received through EU-
nation, (3) archiving and monitoring, and (4) web distribu- METCast. CNMCA generates L1C data from AMSU-A and
tion. The architecture has been implemented considering th&HS with the ATOVS and AVHRR Preprocessing Package
requirements of products in terms of timeliness, availability, (AAPP) developed by the SAF for Numerical Weather Pre-
and resolutions. The H-SAF requirements have imposed théliction (NWP-SAF). These data are passed to the PR-OBS-2
use of native formats, without degradation of the information, routines for calculating instantaneous surface precipitation
and the monitoring of the production chain performance. Duerates over the entire H-SAF domain based on the EARS EU-
to the variety of satellite data that needs to be processed, RIETCast system.
redundancy strategy has been adopted to receive polar and Figure 9 shows the flow diagram of the precipitation prod-
geostationary satellite data and to guarantee the success o€t generation. The precipitation product data can be re-
the acquisition capability. ceived via EUMETCast but also can be retrieved via FTP.
The acquisition of the satellite data is based on three dif-The accessibility of the products via FTP is centralized by
ferent systems: (1) direct readout, with a fixed (MeteosatCNMCA. The server f(p.meteoam.jt is accessible to au-
satellites) or tracking (NOAA-POES and EPS-MetOp satel-thorized users for product download. The availability of the
lites) L-band antenna installed at CNMCA; (2) EUMET- products is guaranteed in a 3 month “online” window. The H-
Cast, EUMETSAT's broadcasting system based on commerSAF website [ittp://hsaf.meteoam)itprovides quick-looks
cial satellites K{ttp://www.eumetsat.int/website/home/Data/ of all products, as well as the relevant scientific and technical
DataDelivery/EUMETCast/index.htipl and (3) file trans- documentation and news about workshops and meetings. The
fer protocol (FTP) over the Internet for receiving DMSP “contact us” section of the H-SAF website describes how to
data from the UK Met Office, Exeter, UK. A twin track- retrieve the dataset of interest from tity|e. metoam.itserver.
ing antenna system is installed and functioning at CNMCA, After a free registration, the potential user will be contacted
each one with reception capability at L- and X-band. Fu-via e-mail to perform the download. A detailed report about
ture satellite systems (as EUMETSAT's Post-EPS) will trans-the performance of service in terms of product availability,
mit data to direct readout users at X frequency, a band alarchiving, and dissemination is published every six months.
ready used by the current generation of satellites for com-Operation reports provide the expected performances and
plete orbit dumps at polar stations. Data from NOAA-POES monitor the results of products.
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Fig. 8. Map of EUMETSAT Advanced Retransmission System (EARS) stations that receive AMSU/MHS data directly from the over-
passing NOAA and MetOp satellites, and retransmit the data to EUMETSAT Headquarters. The color coding indicates the percentage
of the actual satellite passes over a given geographical region — i.e., swaths that can be received by the proposed station network. Ligh
grey corresponds to 0-50% and blue corresponds to 50-100 % (here, 100 % indicates that every time the region is in the field of view
of the instrument, then the image data will be received by the network, while 50 % indicates that, on average, every second pass cov-
ering the region will be received). (Courtesy of EUMETSATitp://www.eumetsat.int/website/home/Satellites/CurrentSatellites/Metop/
RegionalDataService/EARSATOVS/index.htnl
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Fig. 9. Flow diagram of the H-SAF precipitation product generating chain.
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5 H-SAF precipitation product and hydrological obtained by multiple institutes, leading to a more system-
validation programs atic understanding, has become clear since the beginning of
the project. The main steps of this methodology have been
Product validation (PV) using independent datasets has bee@entified inside the PPVG in collaboration with the prod-
a H-SAF priority since the beginning in order to evaluate the yct developers (see Puca et al., 2013). The common valida-
performance of the products, provide error structure infor-tion methodology is based on ground data (radar, rain gauge
mation to end users (hydrologists, meteorologists, etc.) anénd integrated data) comparisons to produce “large statistics”
support the product developers. The following is an overview(multicategorical and continuous). However, since the prod-
of the precipitation product validation (PPV) activity and of ycts to be validated differ in retrieval technique, as well as
the underlying methodology, while the reader is referred tojn space and time resolution, every product needs a specific
the companion paper by Puca et al. (2013) for a detailed devalidation procedure. The main steps of the common valida-
scription together with the presentation and discussion of thejon methodology are (1) ground data (radar and rain gauge)
results obtained during H-SAF DP and CDOP-1 phases.  error analysis, (2) point measurement (rain gauge) spatial in-
For all products generated by the H-SAF project, the PVterpolation, (3) upscaling of radar data to satellite native grid,
activity consists of (4) temporal comparison of satellite- and ground-based pre-

o . i cipitation products, and (5) production and evaluation of con-
— monitoring the progress in product quality by means of (i ,ouys and multicategorical statistical scores.

statistical scores and case study analyses, both based on pg for point (1), differences among rain gauge networks

comparisons between satellite products and correspond(-l_e_, temporal sampling, density, availability of heated sys-

ing ground data; tems for snow measurements), among radar systems (i.e.,

_ providing validation service to end users by publishing _t|me and space resolution, antenna elevation, radar character-

on the H-SAF web page both the statistical scores andstics, retrieval techniques), and of the local geomorphology
the case study analyses: (i.e., geography, orography, coastlines, etc.) cause the relia-

bility of ground data to vary from area to area, and affect the
— providing online quality control to end users by gener- validation results to varying degrees. For this reason, quality
ating near-real-time quality maps; index maps are produced and associated to all ground data.
The quality index, which is a function of position and time,
— monitoring operational features of the products in termsijs sypbsumed into a single number ranging between 0 and 1,
of actual arrival times, timeliness, intelligibility, etc.;  and uses all essential information available to quantify the
reliability of the ground data to which the index must be as-
sociated (see Vulpiani et al., 2008, and Rinollo et al., 2013).
As for point (2), in order to obtain a standard map for
— investigating H-SAF product impacts on end-user appli- comparison with satellite products, the rain gauge measure-
cations such as civil protection activities for emergency ments are interpolated onto a unique European grid, with grid
management, precipitation event alerts, street monitorCells using a 5km mesh size. In so doing, three different in-
ing, water balance evaluation, etc. terpolation techniques have been proposed and tested: (1) a
Barnes method (Barnes, 1964), (2) a Kriging method, and
To this end, a Precipitation Product Validation Group (3) a GRISO (Random Generator of Space Interpolations
(PPVG) has been established within H-SAF composed of exfrom Uncertain Observations) method (see Pignone et al.,
perts (hydrologists, meteorologists, and precipitation ground2010), which is an improved Kriging-based method imple-
data experts) from the national meteorological and hydro-mented by the Italian CIMA (International Centre on Envi-
logical institutes of eight countries (Belgium, Bulgaria, Ger- ronmental Monitoring) Research Foundation. Results show
many, Hungary, Italy, Poland, Slovakia and Turkey), underthe best performance arises using the GRISO method, which
the coordination of the Italian DPC. The PPVG activity is has thus been adopted.
presently based on a network of 4100 rain gauges and 54 me- As for point (3), the PPVG members decided together with
teorological radars belonging to eight different countries (seethe product developers to validate each product using its na-
Puca et al., 2013) that provide ground data to be used for reftive grid as the reference grid. Thus, the radar data, which
erence. always have resolutions higher than the product resolution,
Over the years, each institute of the PPVG has developedre always upscaled to the product grid. Alternatively, for the
a specific validation methodology, based on its own knowl-interpolated rain gauge data, when product resolutions are on
edge and experience, focused on case study analyses, withe order of 5km (i.e., for LEO-GEO combined products) a
the possibility of using ancillary data such as lightning data, nearest-neighbor matching is performed. For coarser satellite
SEVIRI images, output of NWP models, and nowcasting product resolutions (i.e., for LEO-only products), the inter-
products. Nevertheless, the importance of defining a compolated rain gauge data are again upscaled. As an example,
mon validation methodology allowing comparison of results

— providing ground data services within the project for al-
gorithm calibration and validation activities;
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H-SAF PR-OBS-1 Surface Precipitation Rate Radar Network Surface Precipitation Rate [Upscaled]

Fig. 10. Various sources of surface precipitation-rate products plus a cloud-type product over Hungary on 5 May 2010 at 16:29 UTC: H-
SAF’s PR-OBS-1 surface precipitation rate (upper left panel); corresponding Hungarian operational radar network surface precipitation rate
in upscaled format (upper right panel); corresponding Hungarian operational weather radar network surface precipitation rate in original
resolution format (lower left panel); and corresponding cloud type from NWC-SAF (lower right panel). Note upper panels use the same
precipitation rate color bar ranging from 0 to 10 mmth whereas a different precipitation rate color bar is used for lower left panel (not
shown). (Cloud type key also not shown.)

Fig. 10 shows a PR-OBS-1 image and the correspondingparticipating in the PPVG. Collaboration with the IPWG will
radar data both at the original and upscaled resolutions.  involve comparing different validation methodologies and in-
As for points (4) and (5), at the end of the validation pro- troducing IPWG precipitation products into the H-SAF val-
cedure statistical scores are calculated on a monthly basiglation procedures. By the same token, during CDOP-2 the
for the satellite—radar data pairs for land, sea and coastai-SAF validation infrastructure will be used for validation
pixels separately. Several statistical scores are considereghd quality assessment of precipitation products developed
that can be identified and grouped as continuous statisticdyy or shared with other SAFs, such as NWC-SAF and CM-
multicategory statistics (using three and five precipitationSAF. The PPVG also plans to use data from satellite-borne
classes for the instantaneous and accumulated products, readars (from the TRMM PR over the African area and then
spectively), and probability distribution functions (thirty dis- from the DPR onboard the GPM Core Satellite over both the
tribution classes of satellite and radar data). Every instituteH-SAF and African areas) as reference for the validation ac-
calculates the statistics over their pertinent areas followingtivity.
the common validation methodology. Then, at the end of Finally, besides the PPV program, H-SAF includes a hy-
the line, an overall statistic for the entire H-SAF area is drological validation (HV) program aiming at independently
calculated by DPC, which acts as the coordinating instituteassessing the benefit of using the various H-SAF satellite-
(see Puca et al., 2013, for a sample of results). derived products in practical hydrological applications. The
It is foreseen that during CDOP-2, with the generationfinal goal is to encourage the utilization of H-SAF products
of satellite products for the MSG full disk and collab- by national hydrological services and improve the use of
oration with international groups and programs (such assatellite data within hydrological models for near-real-time
IPWG, TRMM and GPM), PPV activity will be extended monitoring of runoff and the hydrological states of basins,
to available sites in Africa with experts from non-European water management, low-flow forecasting, and flood risk fore-
countries (in particular, from Africa and the Americas) casting — taking into account the importance of providing
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information redundant with respect to ground observations, Like the other seven SAFs, H-SAF has just entered the
since these may be unavailable in extreme or catastrophisecond part of the Continuous Development and Operations
cases due to damage to the local measuring equipment and/&hase (2012-2017), and therefore has several years ahead to
data links. release advanced products and work with the next generation
In this regard, satellite products (in particular, precipita- of LEO and GEO satellites, particularly with EUMETSAT’s
tion products) are being used as input to a number of hydroPost-EPS and MTG satellites.
logical models (13 of them in all) and impact and validation H-SAF is an active member of the International Precipita-
studies on several test sites (21 of them in all), each withtion Working Group, while the H-SAF algorithms are part of
different characteristics and sizes, in eight European counthe IPWG inventory of operational satellite precipitation re-
tries (Belgium, Bulgaria, Finland, Germany, Italy, Poland, trieval tools as a EUMETSAT contribution. The international
Slovakia and Turkey). These activities are being performedactivity of H-SAF is conducted via a hew coordination body
under the coordination of the Polish IMGW. The preliminary within EUMETSAT, i.e., the Precipitation Science Advisory
HV activity that has been carried out during DP and CDOP-Group, which has been established for ensuring an adequate
1 has shown that the H-SAF satellite precipitation productslevel of coordination of the activities between SAFs — i.e.,
may still have limited accuracy when incorporated directly especially between H-SAF, the Nowcasting SAF and the Cli-
into the hydrological models. That is why during CDOP-2 mate Monitoring SAF. Finally, H-SAF is the only Europe-
these products must be used, with their wide and continuousvide entity that can devise a long-term partnership involv-
spatial distribution, to improve point ground data from rain ing continental precipitation within current international pro-
gauges and/or radar data by means of satellite—rain-gaugegrams, such as the NASA-JAXA Global Precipitation Mea-
radar blending procedures. In this manner, the blended dataurement mission (an international effort designed to obtain
can be used as input data for hydrological models and vali3h coverage of precipitation over the globe). In so doing,
dated in the same way as the original H-SAF products. It isvarious H-SAF precipitation algorithms and products will be
tacitly understood that this will make the precipitation prod- developed in the near future for exploitation with measure-
ucts more applicable in operational hydrology. ments from the GPM Core Observatory planned for launch
in 2014.

6 Summary and conclusions Table AL. Acronyms.

We have presented an overview and explanation of the

) S o AAPP: ATOVS and AVHRR Pre-processing Package
EUMETSAT Satellite Application Facility on Support to Op- AMSU: Advanced Microwave Sounding Unit
erational Hydrology and Water Management, which is the  aAnN: Artificial Neural Network
main European effort concerning use of satellite precipita- ATOVS: Advanced TIROS Operational Vertical Sounder
tion data operationally. While other SAFs produce precipi- AVHRR:  Advanced Very High Resolution Radiometer
tation products, the H-SAF focus is largely on precipitation ~ CDOP: Continuous Development and Operations Phase
products from available LEO and GEO satellites using both ~ CPRD: Cloud Dynamics and Radiation Database
passive-microwave and infrared data. In fact, H-SAF gener- COMS: Iggsrdmanon Group for Meteorological Satel-

ates operational precipitation products that are useful for not  ~\1a: ltalian International Centre on Environmental

only hydrological applications, but also for many other sci- Monitoring

entific research applications because they are based on a suitt CMORPH:  CPC Morphing Technique

of advanced and ever-improving algorithms described herein. CM-SAF:  Satellite Application Facility on Climate Moni-
H-SAF has adopted, from its inception, a validation strat- toring

egy which is now growing and reaching a critical mass neces-  CNMCA:  National Center of Aeronautical Meteorology

sary to validate operational meteorology, hydrology and cli- and Climatology

ma_te products. Specifically, H-SAF.incIudgs bpth a product ggR gﬂﬁgg;iogab;;fseamh Counci
validation program and a hydrological validation program,  cpc: Climate Prediction Center
which involve several countries. These programs have been cRrp: Cloud Radiation Database
shown to be instrumental in evaluating and improving H-  CRM: Cloud Resolving Model
SAF precipitation products, as well as for assessing prod- DMSP: Defense Meteorological Satellite Program
uct usefulness in mitigating against hazards due to floods, DPFP: Development Phase _
landslides and avalanches, as well as evaluation of water re- PPC¢: Italian Department of Civil Protection
sources. At present, H-SAF is the only collaborative program DPR: Dual-frequency Precipitation Radar

’ DTH: Dynamical-Thermodynamical-Hydrological

in the meteorological and hydrological communities thathas  gcpwr:  European Centre for Medium-Range Weather
managed to create an extensive ground-based reference data Forecasts

network by sharing data from eight different countries and  EARS: EUMETSAT Advanced Retransmission System
treating them with the same methodology.
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EC:
ECT:
EPS:
ESA:
EU:

EUMETSAT:

FCI:
FMI:
FTP:
GEO:
GMES:

GMI:
GPM:
GRISO:

H-SAF:

HV:
IFOV:
IMGW:

10P:
IPWG:
IR:
ISAC:
ITAF:
JAXA:
LEO:
LI
LST:
MetOp:
MHS:
MMS5:
MSG:
MTG:
MW:
NASA:
NCAR:

NEFODINA:

NMS:
NOAA:

NRL:
NRLT:
NWC-SAF:

NWP:
NWP-SAF:

OSCAR:

PMW:
PNPR:

POES:

PPV:
PPVG:

European Commission
Equatorial Crossing Time
EUMETSAT Polar System
European Space Agency
European Union
European Organisation for the Exploitation of
Meteorological Satellites
Flexible Combined Imager
Finnish Meteorological Institute
File Transfer Protocol
Geostationary Earth Orbit
Global Monitoring for Environment and Secu-
rity
GPM Microwave Imager
Global Precipitation Measurement
Random Generator of Space Interpolations
from Uncertain Observations
Satellite Application Facility on Support to Op-
erational Hydrology and Water Management
Hydrological Validation
Instantaneous Field-of-View
Polish Institute of Meteorology and Water Man-
agement
Initial Operations Phase
International Precipitation Working Group
InfraRed
Institute of Atmospheric Sciences and Climate
Italian Air Force
Japan Aerospace Exploration Agency
Low-Earth-Orbiting
Lightning Imager
Local Solar Time
Meteorological Operational
Microwave Humidity Sounder
Mesoscale Model-5
Meteosat Second Generation
Meteosat Third Generation
MicroWave
National Aeronautics and Space Administration
National Center for Atmospheric Research
DYNAmic NEFOanalysis
Non-hydrostatic Modeling System
National Oceanic and Atmospheric Administra-
tion
Naval Research Laboratory
NRL Technique
Satellite Application Facility on Support to
Nowcasting and Very Short Range Forecasting
Numerical Weather Prediction
Satellite Application Facility for Numerical
Weather Prediction
Observing Systems Capability Analysis and
Review Tool
Passive Microwave
Passive-microwave Neural-network Precipita-
tion Retrieval
Polar-orbiting
Satellites
Precipitation Product Validation
Precipitation Product Validation Group

Operational  Environmental
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1979

PR: Precipitation Radar

P-SAG:  Precipitation Science Advisory Group
PSU: Pennsylvania State University

PV: Product Validation

RTM: Radiative Transfer Model

SAF: Satellite Application Facility

SEVIRI:  Spinning Enhanced Visible and InfraRed Im-
ager

SMA: Italian Aeronautical Meteorological Service

SSMI/I: Special Sensor Microwave Imager

SSMIS:  Special Sensor Microwave Imager/Sounder

TB: Brightness Temperature

TIROS:  Television InfraRed Observation Satellite
TM™I: TRMM Microwave Imager

TRMM:  Tropical Rainfall Measuring Mission

TSMS: Turkish State Meteorological Service

USAM:  General Office for Air Space and Meteorology
UTC: Universal Time Coordinated

WMO: World Meteorological Organization

WV: Water Vapor

ZAMG: Austrian Central Institution for Meteorology

and Geodynamics
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