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SINOPTICA
SATELLITE-BORNE AND IN-SITU OBSERVATIONS TO PREDICT THE INITIATION OF
CONVECTION FOR ATM
This report about the SINOPTICA Data Provision System is part of a project that has received funding
from the SESAR Joint Undertaking under grant agreement No 892362 under European Union’s Horizon
2020 research and innovation programme.

Abstract
This document illustrates the SINOPTICA Data Provision System, developed within WP8. The purpose
of WP8 is to design and develop a reliable system that collects the needed data from various sources,
processes them (when needed) by suitable procedures, and provides the results to the NWM data
assimilation system developed in WP7, and used in WP5. All the procedures related to the data
retrieval, processing and delivery are here described. This is followed by the description of the activities
carried out to test the usage of a low-cost GNSS station in the vicinity of airports, as planned in the
SINOPTICA DoA.
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Executive Summary
All SINOPTICA activities are founded upon the ground-based and satellite-borne data that provide
information about the atmosphere physical state: these measurements and/or the products based on
the actual measurements are assimilated into the WRF model in order to improve the short-term
forecast of severe weather events affecting ATC/ATM operations. The data must be retrieved, in some
cases processed, and then delivered to be assimilated into the model.
The data sources planned since the first project formulation are collected by:
-

ground-based weather radar;
ground-based weather stations;
ground-based GNSS stations;
GNSS radio occultation;
Copernicus Sentinel satellites.

During the project, an additional data source has been added: lightnings.
The SINOPTICA objectives include also the experimentation of low-cost GNSS equipment to monitor
the same atmospheric parameters retrieved from standard high-grade (and high-cost) GNSS stations.
The aim of this activity is to demonstrate the feasibility and usefulness of deploying such innovative
sensors in the vicinity of airports, in order to provide data to the numerical weather model that is more
localized and representative of the status of the atmosphere around the airport site.

Acronyms and Terminology
Acronym

Description

ATC

Air Traffic Control

ATM

Air Traffic Management

CAPPI

Constant Altitude Plan Position Indicator

CDAAC

COSMIC Data Analysis and Archive Center

CFC

Centro Funzionale Centrale (Central Functional Center)

CG

Cloud-to-Ground

CODA

Copernicus Online Data Access

COSMIC

Constellation Observing System for Meteorology, Ionosphere, and Climate

DoA

Description of Action

DPC

Dipartimento di Protezione Civile (Italian Civil Protection Department)

GNSS

Global Navigation Satellite System

EC

European Commission

ESA

European Space Agency

ETM

Echo Top Map

EO

Earth Observation
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GMU

GeoGuard Monitoring Unit

IAFMS

Italian Air Force Meteorological Service

IC

Intra-Cloud

IMPACT-ESP

IMProved Accuracy through Combined Technology Enhanced Sensitivity & Performance
Sensor

LDA

Lightning Data Assimilation

LoS

Line-of-Sight

MDF

Magnetic Direction Finding

NRT

Near Real-Time

NWM

Numerical Weather Model

NWP

Numerical Weather Prediction

POH

Probability of Hail

RINEX

Receiver-INdependent EXchange format

RO

Radio-Occultation

SFTP

SSH File Transfer Protocol

SRI

Surface Rainfall Intensity

SSH

Secure SHell

TOA

Time Of Arrival

VIL

Vertical Integrated Liquid

VMI

Maximum Vertical Intensity

WMS

Web Map Service

WMTS

Web Map Tile Service

WRF

Weather Research and Forecasting Model

ZTD

Zenith Total Delay

ZWD

Zenith Wet Delay
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1 Introduction
In recent years, an increasing amount of climate-related data is available and is projected to increase
significantly in the next years (Figure 1). A proper understanding regarding the use of these different
sources of big data and their integration into numerical weather prediction assets is an important step
towards an improved knowledge regarding the physical atmospheric processes and the drivers behind
severe weather events, including those affecting ATC/ATM operations.

Figure 1: Projected increase of climate-related data from mathematical models, remote sensing and in-situ
instruments [1].

The SINOPTICA project aims at exploiting the untapped potential of assimilating remote sensing (EOderived and ground-based radar), as well GNSS-derived datasets and in-situ weather stations data into
very high-resolution, very short-range numerical weather forecasts to provide improved prediction of
extreme weather events to the benefit of ATM operations. In this framework, the foundation of all the
weather-related project activities is the data retrieval and provisioning for the assimilation procedures.
Being SINOPTICA an ER4 Fundamental Research project per SESARJU definition, thus targeting lower
technology readiness levels (TRL1/TRL2), the WP8 activities described in this document do not target
the implementation of an operational data provision system, but rather the analysis, definition, and
execution of all the individual elements that would compose the system.

1.1 Purpose of the Document
The purpose of this document is to illustrate the activities carried out in WP8, describe each data
source and its usage for weather forecast applications, as well as the processing needed (if any) to
make the data usable for assimilation into a NWM, and the procedures adopted for its delivery to WP7
and WP5. This document also includes the description of the activities carried out to deploy a low-cost
GNSS station near the Malpensa airport, with the objective of evaluating its usefulness for short-term
rain forecast applications. Finally, this deliverable describes the preliminary evaluation of the feasibility
to establish a workflow to assimilate the SINOPTICA data sources into operational NWMs.
8
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1.2 Relation to Work Packages and Deliverables
The present deliverable D8.1 “Data Provision System Description” is the only output of WP8 in the
form of a report. The other outputs of WP8, directly related to the activities described in this
document, are the actual datasets retrieved, processed, and delivered to WP7 for assimilation and –
in turn – to WP5 for the forecast system demonstration & validation activity.

1.3 Approach Taken and Structure of the Deliverable
This deliverable is structured in four main sections. The “Data Retrieval” section briefly introduces each
data source and describes the details of the data. This was done right at the beginning of the project,
both to get a clear overview of all the data types, formats, size, and transfer protocols involved during
the project, and to have an informative basis on which to evaluate the feasibility and possible
constraints of a future scenario in which the SINOPTICA procedures will be implemented operationally.
The second section, “Data Processing”, illustrates the processing procedures that had to be adopted
to transform some of the dataset into usable input data for the assimilation into an NWP model. This
is limited to GNSS and GNSS-RO: in both cases, the “raw data” available from the sensors cannot be
used directly but need to be processed to be assimilated. The third section is “Results Delivery”, and it
describes how the datasets collected or generated within WP8 were transferred to WP7, in terms of
intermediate data formats and transfer protocols. This section also includes a preliminary assessment
of the feasibility to effectively use the data sources selected for SINOPTICA into an operational
assimilation and forecast chain. The fourth and last section “SINOPTICA low-cost GNSS station” is about
the deployment of a GNSS station based on mass-market (low-cost) GNSS equipment near Malpensa
airport, with the objective of evaluating its usefulness in the context of SINOPTICA objectives.

9

8.1 DATA PROVISION SYSTEM DESCRIPTION

2 Data retrieval
At the beginning of the project, the specifications for each planned data source (i.e. weather stations,
weather radar, GNSS-RO, Sentinel, ground-based GNSS) were collected from CIMA, UB, UNIPD and
GRED. The specifications included data type, data format, data dimensions (e.g. 2D, 3D, ...), expected
data size, update rate, online archive location, license. This activity resulted in data specifications
tables, here reported for each data source after a brief introduction describing the data itself.
Before starting the data retrieval, it was needed to define the extents of the area(s) of interest in time
and space, based on the case studies selected in WP5. This was done in collaboration with all the
partners and, after getting approval from SJU, four case studies were selected, spatially distributed
basically over the whole extents of Italy, and temporally distributed from May 2019 to July 2020:
-

Milano Malpensa event – 11 May 2019
Venice Marco Polo event – 7 July 2019
Bergamo Orio al Serio event – 6 August 2019
Palermo Punta Raisi event – 15 July 2020

Figure 2: Spatial distribution of the four case studies (left); spatial domains adopted for the numerical
weather prediction runs in SINOPTICA (right)

The definition of the spatial extents for the data retrieval is also conditioned by the NWM domains.
For SINOPTICA, CIMA selected three domains in with respectively 22.5 km (216 × 191 grid points) 7.5
km (523 × 448 grid points) and 2.5 km (430 x 469 grid points) grid spacing (Figure 2).
For each data source, a retrieval procedure was chosen and implemented. In the case of weather
stations and weather radar, CIMA implemented the required procedures directly, being those data
sources already in use in their operational processing chain. For GNSS-RO, Sentinel, and ground-based
GNSS, GReD and UNIPD implemented the procedures needed, by writing software that could be used
for the automated retrieval of those datasets. In particular, the developed software is listed and
characterized as follows:
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-

GNSS-RO: MATLAB code that downloads RO atmospheric profiles from the COSMIC Data
Analysis and Archive Center (CDAAC) managed by the University Corporation for Atmospheric
Research (UCAR), Boulder, Colorado, USA.

-

Sentinel: BASH script that downloads Sentinel-1 wind-over-ocean products, Sentinel-3 land
surface temperature from the Copernicus Data Hub Service managed by ESA and the European
Commission, and Sentinel-3 sea surface temperature from the Copernicus Online Data Access
(CODA) managed by EUMETSAT, Darmstadt, Germany.

-

Ground-based GNSS: Python software capable of download GNSS raw data from a wide array
of sources, including region-wide, country-wide, continental and global networks, as well as
networks managed by research centers for various geoscience-related applications. The
software can run multiple jobs in parallel to make the download of large datasets faster, and
it provides an option to decompress the downloaded data automatically.

The required lightnings datasets were downloaded manually.

2.1 Data source 1: weather radar
The Italian radar mosaic is composed by 23 ground-based weather radars operated by various actors,
namely the Italian Civil Protection Department (DPC), Regions and ENAV. Radar-DPC is the platform of
the DPC, acting under the Italian Presidency of the Council of Ministers, that allows the use, through
Open Access Web Services, of products generated by the Central Functional Center (CFC) as the
technical structure of the DPC. Radar-DPC is based on the software platform, WIDE (Weather Ingestion
Data Engine), specially designed for the execution of automatic data collection and publication of
parameterized web services, which can be called up by any WMS / WMTS Client. The management of
the time parameter also allows the possibility of requesting and viewing temporal sequences of
product samples, whether it is monitoring data or the results of forecast models.
Figure 3 shows the spatial distribution of the ground-based weather radars that compose the Italian
radar mosaic providing data to the Radar-DPC platform.
The radar-derived products used in SINOPTICA are retrieved from the Radar-DPC platform, that
computes them according to the schema shown in Figure 4. The products used are:
-

CAPPI (Constant Altitude Plan Position Indicator)
The CAPPI map is generated by combining the data contained in the vicinity of the intersection
between the radar beams and the altitude set for the CAPPI. Each CAPPI value is obtained from
the weighted average between the values corresponding to the two consecutive elevations
immediately above and below the height of interest. CAPPI are available at 2000, 3000, 4000 and
5000 m of height.

-

VMI (Maximum vertical intensity)
The VMI variable is the radar-detected maximum vertical reflectivity provided by the composite
of the Italian National Radar Network. The data measured by the weather radars composing the
national radar network are processed and mosaicked at the DPC headquarters. The variable
displayed by default is the last available image processed by the system.
11

8.1 DATA PROVISION SYSTEM DESCRIPTION

Figure 3: Spatial distribution of the weather radars providing data to the Italian Radar-DPC platform (green:
radar working; red: radar not working at the reference date 18/11/2021)

-

VIL (Vertical Integrated Liquid)
The VIL variable contains a map that represents the total amount of liquid water (expressed in
g/m3) estimated within a column above the vertical of each pixel. Given a volume of reflectivity,
the algorithm consists in the integration for each radar cell of all the values recorded within a
vertical interval above the cell. The extent of the vertical range depends on the sequence of
elevations.

-

ETM (Echo Top Map)
The Echo Top Map (ETM) is the cloud top map: for each point it indicates the maximum altitude
for which the radar echo assumes values above a specific threshold.

-

POH (Probability Of Hail)
The Probability of Hail (POH) is a map containing the probability of the occurrence of hail. It is
determined according to the difference between the altitude of the cloud top and the altitude of
the freezing level, according to the following relationship:
POH = 0.000133 * (ETM-FLH) +0.319
Where ETM is the maximum altitude in which a signal greater than 45 dbZ is detected.

-

SRI (Surface Rainfall Intensity)
The SRI variable is the radar-detected precipitation intensity provided by the composite of the
Italian National Radar Network. The data measured by the weather radars composing the national
radar network are processed and mosaicked at DPC-CFC. The variable displayed by default is the
12
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last available image processed by the system. The SRI maps are updated every 10 minutes and
users can load each map within the time range.

Figure 4: radar products processing scheme adopted at Radar-DPC (HR: raw polar volumes/products; LR:
sampled polar volumes/products) – source: https://www.mydewetra.org/wiki/images/8/8e/ReteRadatHDF5.pdf

2.1.1 Weather radar data specifications
This section lists and describes all the datasets needed to be retrieved to carry out the weather radar
processing for SINOPTICA.
Data types:
ID Type
R1 CAPPI
R2 VMI
R3 VIL
R4 POH
R5 SRI
R6 ETM

Description
Constant Altitude Plan Position Indicator
Maximum vertical intensity
Vertical Integrated Liquid
Probability Of Hail
Surface Rainfall Intensity
Echo Top Map
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Data format(s):
ID
Format name
R1
R2
R3
GeoTIFF
R4
R5
R6

File extension(s)

Format specifications

.tif

http://geotiff.maptools.org/spec/geotiffhome.html

Data dimensions (i.e. 1D, 2D, 3D, 4D)
ID
Time
Horizontal
R1
X
X
R2
X
X
R3
X
X
R4
X
X
R5
X
X

Vertical
-

Expected data size (uncompressed, considering the data sources for the WRF domain):
ID
1-year dataset size
Single file size
R1 15 GB
300 KB
R2 15 GB
300 KB
R3 10 GB
200 KB
R4 2.5 GB
50 KB
R5 15 GB
300 KB
Retrieval update rate and transfer protocol:
ID
Update rate
R1
R2
R3 10 minutes
R4
R5

Protocol

REST API / WebSocket

Archive location, license:
ID
Archive location
R1
R2
R3 https://dpc-radar.readthedocs.io/it/latest/index.html
R4
R5

License

Public domain

2.2 Data source 2: weather stations
The Italian regional weather stations are composed by all the networks of weather stations deployed
and managed by the regional environmental agencies, that collect and transmit data to the Italian DPC.
14
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These stations (“DPC weather stations” from now on) are instruments that carry out meteorological
measurements continuously and transmit them in (near) real time. Several sensors are mounted on
them, capable of transmitting the collected data to the regional collection and processing centers.
Now, the DPC stations are about 5000 and include about 2000 rain gauges, 1000 hydrometers and
4000 other sensors such as temperature sensors, anemometers, and snow gauges. Figure 5 displays
the spatial distribution of the DPC stations over the Italian territory.
The DPC weather stations have a data sampling interval that varies between one minute and an hour
and a "latency time" generally of 30 minutes, that is the time that passes between the instant of
measurement and the actual availability of the data to the operator.

Figure 5: Spatial distribution of the Italian DPC weather stations (colors indicate the level of rain measured
on 15 July 2020 at 14 UTC, as an example)

The measurements are transmitted via radio, satellite or GSM / GPRS systems to the monitoring center
of each CFC which displays and processes them. The data thus processed are sent in "packets" to the
DPC's server. For the comparison, integration and synthesis of the data necessary for real-time
evaluation of the weather over the Italian peninsula, a dedicated platform is available, called
DEWETRA. In SINOPTICA, CIMA accesses the DPC weather stations data directly through the
MyDEWETRA web portal.

2.2.1 Weather station data specifications
This section lists and describes all the datasets needed to be retrieved to carry out the weather stations
processing for SINOPTICA.
Data types:
ID
Type

Description

15
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W1

Italian DPC weather stations

Data format(s):
ID
Format name
W1 ASCII

File extension(s)
.csv

About 5000 weather stations (2m temperature,
10 m wind, 2 m dew point temperature) available
over the Italy territory

Format specifications
Comma-separated values

Data dimensions (i.e. 1D, 2D, 3D, 4D)
ID
Time
Horizontal
W1
X
-

Vertical
-

Expected data size (uncompressed, considering the data sources for the WRF domain):
ID
1-year dataset size
Single file size
W1 7 GB
800 KB (all stations, 1 hour)
Retrieval update rate and transfer protocol:
ID
Update rate
W1 10 minutes

Protocol
SFTP

Archive location, license:
ID
Archive location
W1 myDEWETRA

License
To be negotiated with DPC

2.3 Data source 3: ground-based GNSS
The water vapor content of the atmosphere lowest layers (up to about 15 km), known as troposphere
or neutral atmosphere, affects GNSS signals propagation velocities, introducing delays in their
observations. From a proper analysis of GNSS observations (the so-called “GNSS raw data”), it is
possible to quantify this delay and therefore to have an indirect observation of the tropospheric water
vapor content [2,3]. It is worth reminding here that the tropospheric delay (the word delay is usually
referred to the extra distance and is expressed in meters) due to water vapor, is just one out of many
other systematic errors affecting GNSS observations which are to be accounted for in order to achieve
sub-centimeter accuracy position estimates of the GNSS antenna. Since the early 2000s, the
meteorological community has started to consider this by-product of high accuracy positioning as one
of the available observations, and time series of GNSS delays are currently assimilated from a number
of numerical weather prediction models in some cases in a routinely way. A mixed community of
meteorologist and GNSS experts has been exploring a dedicated use of GNSS for the troposphere
sounding. Driven by the expertise on water vapor content behavior from one side and from the GNSS
data analysis from the other side, already existing GNSS stations networks have been used, and ad-hoc
denser GNSS network configurations have been envisaged and realized to assess the capabilities of
this system in the monitoring of such a phenomenon. GNSS-based water vapor monitoring for
meteorological forecasts at regional scale is well-established also at operational level in few countries
(e.g. Japan, few EU countries) [4]. Denser GNSS networks to support local weather forecasts have been
developed typically for research purposes, exploiting either geodetic-grade multi-frequency GNSS
receivers or the recently available low-cost dual-frequency ones (see section 5.1).
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Several countries worldwide have established country-wide networks of permanent GNSS stations,
typically for precise positioning and surveying purposes. These networks have inter-station distances
in the order of tens or hundreds of kilometers. Although not spatially dense enough yet to capture all
local-scale water vapor variations [5,6], country-wide networks represent an important tool to
continuously monitor atmospheric water vapor with a reasonably homogenous spatial sampling and
are thus useful to provide data to be assimilated by numerical weather models, helping them adjusting
their own estimates of the water vapor distribution.
Being the innermost domain of the SINOPTICA WRF model set to cover the whole Italian territory, all
the GNSS stations in Italy providing raw data have been used as a data source; in addition, the GNSS
stations belonging to the European Permanent Network (EPN) were added, to evaluate whether it
could have been useful to assimilate the GNSS products also in the second WRF domain (see Figure 2).
Figure 6 shows the spatial distribution of the stations.

Figure 6: Spatial distribution of the GNSS stations used in SINOPTICA

The GNSS data needed to be retrieved in SINOPTICA are raw data measured from the selected stations
over the time frames of interest, as well as various GNSS satellite-related data required for the
processing. These data, detailed in section 2.3.1, are the input of the processing procedures detailed
in section 3.1.

2.3.1 GNSS data specifications
This section lists and describes all the datasets needed to be retrieved to carry out the near real-time
GNSS processing for SINOPTICA.
Data types:
ID Type
G1 Observations
G2 Orbits
G3 Clocks
G4 Ionospheric maps

Description
GNSS time, code, phase observations
GNSS satellites coordinates (IGS)
GNSS satellites clock offsets (IGS)
Predicted ionospheric delay maps (CODE/ESA)
17
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G5 Earth Rotation Parameters
G6 CRX files
Tropospheric mapping
G7
functions
Data format(s):
Format
ID
name
G1 RINEX
G2 SP3c
RINEX
G3
clock
G4 IONEX
G5 ERP
G6 CRX

Predicted Earth rotation parameters (CODE)
GNSS satellites health status (AIUB)
Predicted Vienna Mapping Function grids (1deg x 1deg, TU
Wien)

File extension(s)

Format specifications

.YYo1
.sp3

ftp://igs.org/pub/data/format/rinex303.pdf
ftp://igs.org/pub/data/format/sp3c.txt

.clk .clk_30s

ftp://igs.org/pub/data/format/rinex_clock300.txt

.YYI1
.erp
.CRX
.H00, .H06,
G7 GRID
.H12, .H18
1
YY is a two-digit year identifier

ftp://igs.org/pub/data/format/ionex1.pdf
https://lists.igs.org/pipermail/igsmail/1998/003315.html
http://www.bernese.unibe.ch/docs/DOCU52.pdf (p. 690)
https://vmf.geo.tuwien.ac.at/readme.txt

Data dimensions (i.e. 1D, 2D, 3D, 4D)
ID
Time
Horizontal
G1
X
G2
X
G3
X
G4
X
X
G5
X
G6
X
G7
X
X

Vertical
-

Expected data size (uncompressed, considering the data sources for the innermost WRF domain):
ID
1-year dataset size
Single file size
G1 700 GB
2-10 MB
G2 100 MB
300 KB
G3 3 GB
9 MB
G4 290 MB
792 KB
G5 8 MB
900 bytes
G6 50 KB
25 KB
G7 4.8 GB
3.3 MB
Retrieval update rate and transfer protocol:
ID
Update rate
G1 1 hour
G1 Real-time
G2 Real-time
G3 Real-time
G4 1 day
G5 1 hour
G6 2 hours

Protocol
FTP
NTRIP
NTRIP
NTRIP
FTP
FTP
FTP
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G7

1 day

HTTPS

Archive location, license:
ID
Archive location

2
3

G1

IGS, EPN, Italian regional GNSS archives, INGV RING, …

G2

NASA CDDIS NTRIP caster

G3

NASA CDDIS NTRIP caster

G4
G5
G6

ftp://ftp.aiub.unibe.ch/CODE/IONO/P1/${YYYY}/2
ftp://igs.bkg.bund.de/IGS/products/orbits/${WWWW}/3
ftp://ftp.aiub.unibe.ch/BSWUSER52/GEN

G7

https://vmf.geo.tuwien.ac.at/trop_products/GRID/

License
Public domain / GReD
proprietary
Public domain (registration
required)
Public domain (registration
required)
Public domain
Public domain
Public domain
Public domain (registration
required)

YYYY is a four-digit year identifier
WWWW is a four-digit GPS week (i.e. week number within 1 year) identifier

2.4 Data source 4: GNSS-RO
The Global Navigation Satellite Systems (GNSS) Radio Occultation (RO) is an active limb sounding
technique which uses radio signals transmitted by a GNSS satellite and received by a low-Earth-orbit
satellite, where the atmosphere is vertically scanned due to the relative motion of the two satellites
[7]. The signal, travelling through the atmosphere, is refracted and bent due to the vertical gradient of
atmospheric density. The effect of the atmosphere is represented by a bending angle, from which
refractivity and density are retrieved. The vertical resolution of the RO ranges between 100 m in the
upper troposphere and about 500 m in the lower stratosphere at low latitudes to mid-latitudes [8],
while the horizontal resolution can range from about 50 km in the troposphere to 200–300 km in the
stratosphere. The accuracy of the GNSS RO is 0.2 K in terms of temperature and 0.1 % in terms of
refractivity, and the data from the different missions are very consistent [9], so there is no need of
inter-calibration or homogenization between the different sensors [10]. In this project we used the
data from several RO missions (i.e. COSMIC, COSMIC-2, Metop-A, Metop-B, Metop-C, KOMPSAT5,
TerrasarX, PAZ and TandemX) downloaded from the COSMIC Data Analysis and Archive Center
(CDAAC) website https://cdaac-www.cosmic.ucar.edu/cdaac/index.html.
The use of the GNSS RO has improved the weather forecast especially in remote areas of the globe
where there are no other instruments available, with high vertical resolution: it has been shown that
the tropical cyclone (TC) track forecast became much more precise using these acquisitions [11], and
the ECMWF forecast has also been improved especially in the UTLS thank to the RO vertical resolution
[12]. The convective storms’ inner structure was precisely understood thanx to this technique [13].
The GNSS RO bending angle is the primary product of the GNSS RO measurements and it is much more
sensitive to the atmospheric variations than any other RO product since it is not affected by any
elaboration and any assumption. The temperature and the water vapor profiles, as secondary
products, are retrieved assimilating the European Centre for Medium-Range Weather Forecasts
(ECMWF) model analysis. The use of this model and the coarse vertical resolution of the assimilated
data can influence the retrieved RO profile especially in rare cases, like extreme weather events, where
many acquisitions are rejected from ECMWF. For this reason, the bending angle is the parameter which
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is usually assimilated by the weather forecast models and this is also the parameter that we took in
account in our simulations.
The data that we used are the level 2 Atmospheric Profile (atmPrf) in Network Common Data Form
(NetCDF) format, containing the bending angle, refractivity, impact parameter and the so-called dry
pressure and dry temperature (because derived assuming no water vapor). All the parameters are
reported versus the geometric height above the mean sea level and the coordinates of the perigee
point with vertical sampling, from 60 meters in the low troposphere to 1.5 km in the stratosphere.
Figure 7 shows the spatial distribution of the COSMIC atmospheric profiles collected for the four
SINOPTICA use cases.

Figure 7: Spatial distribution of the COSMIC atmospheric profiles retrieved for the SINOPTICA use cases

2.4.1 GNSS-RO data specifications
This section lists and describes all the datasets needed to be retrieved to carry out the GNSS-RO
processing for SINOPTICA.
Data types:
ID
Type
RO1 COSMIC Near Real Time
RO2 COSMIC-2 Near Real Time

Description
Atmospheric Profile (atmPrf) including Latitude,
Longitude, MSL altitude, bending angle and refractivity
Atmospheric Profile (atmPrf) including Latitude,
Longitude, MSL altitude, bending angle and refractivity
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RO3 PAZ Real Time
RO4 Kompsat Real Time
RO5 TandemX
RO6 TerraSar
RO7 Metop-A
RO8 Metop-B
RO9 Metop-C

Atmospheric Profile (polPhf) including Latitude,
Longitude, MSL altitude, bending angle and refractivity
and polarimetric information
Atmospheric Profile (atmPrf) including Latitude,
Longitude, MSL altitude, bending angle and refractivity
Atmospheric Profile (atmPrf) including Latitude,
Longitude, MSL altitude, bending angle and refractivity
Atmospheric Profile (atmPrf) including Latitude,
Longitude, MSL altitude, bending angle and refractivity
Atmospheric Profile (atmPrf) including Latitude,
Longitude, MSL altitude, bending angle and refractivity
Atmospheric Profile (atmPrf) including Latitude,
Longitude, MSL altitude, bending angle and refractivity
Atmospheric Profile (atmPrf) including Latitude,
Longitude, MSL altitude, bending angle and refractivity

Data format(s):
ID

Format name

RO1
RO2
RO3
RO4
RO5
RO6
RO7
RO8
RO9

Network Common Data Form (NetCDF)
Network Common Data Form (NetCDF)
Network Common Data Form (NetCDF)
Network Common Data Form (NetCDF)
Network Common Data Form (NetCDF)
Network Common Data Form (NetCDF)
Network Common Data Form (NetCDF)
Network Common Data Form (NetCDF)
Network Common Data Form (NetCDF)

Data dimensions (i.e. 1D, 2D, 3D, 4D)
ID
Time
Horizontal
RO1
X
X
RO2
X
X
RO3
X
X
RO4
X
X
RO5
X
X
RO6
X
X
RO7
X
X
RO8
X
X
RO9
X
X

File
Format specifications
extension(s)
.nc
.nc
.nc
.nc
.nc
https://www.unidata.uc
ar.edu/software/netcdf/
.nc
.nc
.nc
.nc

Vertical
X
X
X
X
X
X
X
X
X

Expected data size (uncompressed, considering the data sources for the WRF domain): Domain 1 (Italy)
ID
1-year dataset size
Single file size
RO1 2,7 GB
300-1600 KB
RO2 2,7 GB
300-1600 KB
RO3 105 MB
300-800 KB
RO4 164 MB
200-500 KB
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RO5
RO6
RO7
RO8
RO9

122 MB
122 MB
255 MB
256 MB
256 MB

200-500 KB
200-500 KB
200-500 KB
200-500 KB
200-500 KB

Expected data size (uncompressed, considering the data sources for the WRF domain): Domain 2
(Europe)
ID
1-year dataset size
Single file size
RO1 47,8 GB
300-1600 KB
RO2 47,8 GB
300-1600 KB
RO3 1,2 GB
300-800 KB
RO4 1,8 GB
200-500 KB
RO5 1,1 GB
200-500 KB
RO6 1,1 GB
200-500 KB
RO7 2,9 GB
200-500 KB
RO8 2,9 GB
200-500 KB
RO9 2,9 GB
200-500 KB
Expected data size (uncompressed, considering the data sources for the WRF domain): Domain 3
(Extended Europe)
ID
1-year dataset size
Single file size
RO1 76,5 GB
300-1600 KB
RO2 76,5 GB
300-1600 KB
RO3 1,8 GB
300-800 KB
RO4 2,6 GB
200-500 KB
RO5 1,6 GB
200-500 KB
RO6 1,6 GB
200-500 KB
RO7 4,3 MB
200-500 KB
RO8 4,3 MB
200-500 KB
RO9 4,3 MB
200-500 KB
Retrieval update rate and transfer protocol:
ID
Update rate
RO1 Mission ended
RO2 1 day
RO3 1 day
RO4 1 day
RO5 1 day
RO6 1 day
RO7 1 day
RO8 1 day
RO9 1 day
Archive location, license:
ID
Archive location
RO1 https://data.cosmic.ucar.edu/gnss-ro/cosmic1/repro2013/

Protocol

HTTPS

License
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RO2 https://data.cosmic.ucar.edu/gnss-ro/cosmic2/nrt/
https://cdaacRO3
www.cosmic.ucar.edu/cdaac/rest/tarservice/data/pazrt/atmPrf/
https://cdaacRO4
www.cosmic.ucar.edu/cdaac/rest/tarservice/data/kompsat5rt/atmPrf/
https://cdaacRO5
www.cosmic.ucar.edu/cdaac/rest/tarservice/data/Tandem-X/atmPrf/
https://cdaacRO6
www.cosmic.ucar.edu/cdaac/rest/tarservice/data/TerraSAR-X/atmPrf/
https://cdaacRO7
www.cosmic.ucar.edu/cdaac/rest/tarservice/data/MetOp-A/atmPrf/
https://cdaacRO8
www.cosmic.ucar.edu/cdaac/rest/tarservice/data/MetOp-B/atmPrf/
https://cdaacRO9
www.cosmic.ucar.edu/cdaac/rest/tarservice/data/MetOp-C/atmPrf/

Public domain
(registration
required)

2.5 Data source 5: Copernicus Sentinel EO
The Copernicus Sentinel satellite platforms represent a family of Earth Observation (EO) missions
developed by ESA. Each Sentinel mission is based on a constellation of two satellites to fulfil revisit and
coverage requirements. These missions carry a range of technologies, such as radar and multi-spectral
imaging instruments for land, ocean and atmospheric monitoring. The first Sentinel satellite was
launched in April 2014, Sentinel-1A.
The SINOPTICA project activities included the evaluation of the feasibility and usefulness of
assimilating Sentinel-derived EO data into the WRF NWM, in line with the project objectives of
supporting ATM procedures. Based on CIMA and GRED previous experiments carried out in the
framework of the ESA STEAM project [14], four potential datasets derived from the Sentinel-1 and
Sentinel-3 platforms were selected for evaluation. Sentinel-1 is a polar-orbiting, all-weather, day-andnight radar imaging mission for land and ocean services, while Sentinel-3 is a multi-instrument mission
to measure sea-surface topography, sea- and land-surface temperature, ocean colour and land colour.
In particular, Sentinel-1’s Ocean Wind Field products and Sentinel-3’s Land Surface Temperature and
Sea Surface Temperature products were investigated. After the selection of the four use cases (see
Section 2) and the consequent definition of the spatial and temporal extents of interest, it was checked
whether there were Sentinel-1 and Sentinel-3 satellite passages within a given time window useful for
assimilation into the NWM (i.e. up to some hours before the rain event happened), and within a useful
spatial extent (i.e. sufficiently close to the airport of interest to measure atmospheric data that could
have influenced the rain event).
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Figure 8: Ocean Wind Field products from Sentinel-1 passage closest in space and time to the Palermo Punta
Raisi event

Figure 8 shows an example of Ocean Wind Field products from the Sentinel-1 passage closest in space
and time to the Palermo Punta Raisi event: the satellite passes about 2 hours after the event took
place. Also the ground track is not sufficiently close to the location of the event (northwestern part of
Sicily) to provide useful information to the NWM.
The conclusion in the context of the SINOPTICA project is that although Sentinel data are potentially
interesting for high-resolution weather forecast applications, thanks to their high spatial resolution,
due to the current Sentinel missions revisit time they cannot be considered as part of the SINOPTICA
solution.

2.5.1 Copernicus Sentinel EO data specifications
This section lists and describes all the datasets needed to be retrieved to carry out the Copernicus
Sentinel Earth Observation processing for SINOPTICA.
Data types:
ID Type
S1 Ocean Wind Field
S2 Land Surface Temperature
S3 Sea Surface Temperature
Data format(s):
Format
ID
name
S1 NetCDF
S2 NetCDF
S3 NetCDF

Description
Sentinel-1 Level 2 OCN Ocean Wind Field (OWI) Component
Sentinel-3 Level 2 LST product
Sentinel-3 Level 2 WST product

File extension(s)

Format specifications

.nc
.nc
.nc

https://www.unidata.ucar.edu/software/netcdf/docs/
file_format_specifications.html
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Data dimensions (i.e. 1D, 2D, 3D, 4D)
ID
Time
Horizontal
S1
X
X
S2
X
X
S3
X
X

Vertical
-

Expected data size (uncompressed, considering the data sources for the WRF domain):
ID
1-year dataset size
Single file size
S1
81 GB
14 MB
S2
192 GB
67 MB
S3
73 GB
20 MB
Retrieval update rate and transfer protocol:
ID
Update rate Protocol
S1
12 hours
S2
12 hours
HTTPS (via Copernicus API & wget/curl)
S3
12 hours
Archive location, license:
ID
Archive location
S1
https://scihub.copernicus.eu/
S2
https://scihub.copernicus.eu/
S3
https://coda.eumetsat.int/

License
Legal notice on the use of Copernicus Sentinel Data
and Service Information

2.6 Data source 6: Lightnings
Lightning data over the Italian territory are given by the Lightning Network LAMPINET of the Italian Air
Force Meteorological Service (IAFMS), which is operational since 2004. This network consists of 15
sensors set up between 2004 and 2005 and distributed over the whole Italian territory, including
islands [15]. It’s based both on MDF (Magnetic Direction Finding) and TOA (Time Of Arrival) technique
[16]. Network performances reach a detection efficiency of 90% for a peak current higher than 50 kA.
The location accuracy is about 500 m over the whole Italian territory. The kind of sensors is IMPACTESP (IMProved Accuracy through Combined Technology Enhanced Sensitivity & Performance Sensor).
These sensors detect radio frequency energy from CG and IC discharges in a bandwidth from 1 kHz to
350 kHz; azimuth angle of the discharge location, time of signal arrival, peak signal strength and
discharge width are also measured.
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Figure 9: Spatial distribution of the lightning data collected for the four SINOPTICA use cases

Data are distributed in shapefile format and the data attribute are longitude, latitude, current, polarity,
time. Among the parameters observed, latitude, longitude and time are those used for data
assimilation. The data are available in real time since December 2020 at 10 minutes temporal
resolution while the data used in SINOPTICA are available as a special dataset. Lightning data are
available for longitudes between 5.0E and 20.0E and for latitudes between 35.00N and 46.50N. The
size of each file (10-minutes accumulated lightning) varies depending on the number of lightnings
recorded. It can be 0 Byte if no lightnings are recorded and is of the order of 100 KB for hundredths of
flashes. Three new files are generated every 10 minutes (with the extensions .shp, .shx and .dbf).
Indeed, one of the advantages of lightning is that the data are very easy to transfer and do not require
broadband connections. An example of the names of the three files is: 21-11-2021-21-50.shx, 21-112021-21-50.shp, 21-11-2021-21-50.dbf (DD-MM-YYYY-HH-MinMin.extension).
Lightning data from LAMPINET are not available freely. Their availability must be negotiated with
IAFMS (www.meteoam.it).+
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2.6.1 Lightning data specifications
Data types:
ID Type
L1

Lightning strikes

Data format(s):
Format
ID
name
L1

Shapefile

Description
Localization and the intensity of the lightnings strikes
observed through the SFLOC method

File extension(s)

Format specifications

.shp; .shx; .dbf

https://www.esri.com/content/dam/esrisites/sitecorearchive/Files/Pdfs/library/whitepapers/pdfs/shapefile.pdf

Data dimensions (i.e. 1D, 2D, 3D, 4D)
ID
Time
Horizontal
L1
X
X

Vertical
-

Expected data size (uncompressed, considering the data sources for the WRF domain):
ID
1-year dataset size
Single file size
L1
0-5GB
0-100 KB
Retrieval update rate and transfer protocol:
ID
Update rate
L1
10 minutes

Protocol
SFTP

Archive location, license:
ID
Archive location
Lightning Network LAMPINET of the Italian Air Force
L1
Meteorological Service (IAFMS)

License
To be negotiated with
IAFMS
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3 Data processing
This section describes the procedures adopted in SINOPTICA to carry out the processing of the
retrieved dataset, in order to obtain the intermediate products to be provided to WP7 and WP5 for
assimilation into WRF.

3.1 Ground-based GNSS data processing
For the ground-based GNSS data source, a processing procedure had to be implemented, as the
retrieved data are typically “raw data”, meaning observations of satellite-receiver distances, timing,
signal-to-noise ratio, etc. This was done by GReD, who put in place instances of their BREVA GNSS suite
for both post-processing (i.e., processing of archived datasets) and for near real-time processing (i.e.,
processing of raw GNSS data as they are collected in real-time, with estimates of the parameters of
interest for SINOPTICA updated every 1 hour).
The GNSS-derived parameter that is of interest for assimilation into NWMs is the so-called Zenith Total
Delay (ZTD), that is a value combining all the signal delays along each satellite-receiver line-of-sight
(LoS) into a single parameter expressing the total delay in the vertical direction over the GNSS antenna.
The ZTD was estimated by a joint least-squares adjustment of undifferenced phase observations (the
so-called “PPP batch” approach), as implemented by GReD in the BREVA software. The processing
settings included the use of the Vienna Mapping Function (VMF) to map slant delays to the zenith, and
VMF grids to compute the a-priori values for the tropospheric delay. One tropospheric delay parameter
was estimated per epoch (i.e., one every 30 seconds), with a constraint set to 1.5 cm/hour. North and
East tropospheric delay gradients were estimated. The GNSS processing parameters are summarized
in Table 1.
Table 1: GNSS data processing parameters for ZTD estimation

Software

BREVA

Processing technique

PPP

Adjustment method

Joint least squares

Constellations

GPS

Observation rate

30 sec

Mapping function

Vienna Mapping Function 1

A-priori model

Vienna Mapping Function 1

Estimated ZTD

1 per epoch (30 sec)

ZTD constraint

1.5 cm/hour

Estimated ZTD gradients

North, East

Ocean loading

Yes (FES2004)

Atmospheric loading

Yes

Pole Tides

Yes

Shapiro delay

Yes
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The resulting ZTD time series were validated by comparison with radiosondes, using the 8 available
radiosonde launch sites in Italy, and considering the GNSS station nearest to the radiosonde launch
site. This comparison resulted in ZTD differences with RMSE values lower than 2 cm (which agrees with
what is expected based on scientific literature) [5, 6, 17, 18].
Figure 10 shows an example of the resulting time series of GNSS ZTD for the three stations closest to
the Malpensa airport for the use case of the 11th of May 2019.

Figure 10: Example of GNSS ZTD results for the three stations closest to Malpensa airport; the red dashed
line indicates the time the rain event hit the airport

3.2 GNSS-RO data processing
Using all the GNSS ROs collected from the CDAAC website from 2001 to 2020, we have created a grid
with one-degree resolution containing the averaged bending angle profiles. This grid became our
reference and is defined as “climatology”. Comparing the actual profiles during the storm with the
climatology, we obtain the anomaly which is an alternative parameter that can be assimilated by our
model. The anomaly usually provides a better information then the row bending angle profile because
it “shows” how the actual extreme event changes the atmospheric characteristics compared to the
standard conditions (climatology). The full process to compute the anomaly fundamentally consists in
4 steps:
- Interpolation. The vertical distribution of atmPrf acquisitions is not fixed, providing anytime a
different number of measurements in the same altitude range. To create a standard reference to be
comparable with other products, we interpolate the atmPrf data with a common vertical resolution of
50 meters.
- Geo-location. The interpolated profiles are indexed with respect to the tangent point latitude and
longitude at 10 km of altitude (average altitude of the tropopause at our latitudes) with one-degree
resolution.
29

8.1 DATA PROVISION SYSTEM DESCRIPTION

- Average. In each geo-located box, we average all the values at the same altitude obtaining one
reference profile for every Latitude/Longitude degree with 50 meters vertical resolution: this becomes
the climatological reference (“climatology”) for the corresponding coordinates.
- Anomaly computation. We compute the percentage anomaly with respect to the climatology:
αanomaly = 100 .

!(#$%&')) +(,-./)
+(,-./)

where α(storm) is the bending angle profile during the storm and α(clim) is the climatological bending
angle from the gridded reference.

3.3 Lightning data processing
Data from LAMPINET are pre-processed before being used in data assimilation. In particular, the
assimilation procedure requires the computation of lightning density over the WRF grid (2.5 km
horizontal resolution over Italy). For this purpose, lightnings are remapped into the WRF by the
following method: we consider all the flashes in a time interval, and we associate each lightning to a
specific grid point of the model. This grid point is the one closest to the flash. All flashes outside the
model domain are discarded.
An important parameter of the method is the time interval of lightning accumulation. Past experience
with WRF and another meteorological model [19, 20], shows that this time interval should be between
15 and 30 minutes and that the precipitation forecast is sensitive to the choice of this parameter. To
find a best setting of the WRF model, we run the SINOPTICA case studies using 15- and 30-minutes
accumulation time. The results of this experiment are shown in deliverable 5.3. Precipitation scores
show that 15 minutes of accumulation time is better than 30 minutes. Indeed, Lightning Data
Assimilation (LDA) using 30 minutes accumulation time causes to many false alarms in the precipitation
forecast, reducing the usefulness of LDA.
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4 Results delivery
This section describes the final segment of the data provision system, that is the delivery of the
data/processing results to WP7 and WP5 for the assimilation into WRF.

4.1 Interface with the WRF NWP
For each data source, a procedure to deliver the data to be assimilated by the numerical weather
model in WP7 was put in place, defining data formats, update rates, measurement/estimation errors.
Discussions were carried out among CIMA, UB, GRED, UNIPD in order to reach a common
understanding of the characteristics of the various data sources and how they relate to the numerical
weather model assimilation techniques. Once the four SINOPTICA case studies were selected, the
retrieval, processing and delivery procedures were applied for each case study by CIMA, UB, UNIPD
and GRED, providing all the data needed for the assimilation in WP7 and WP5.

4.2 Preliminary assessment of data provision in an operational
environment
The data provision activities carried out in SINOPTICA, targeting TRL 1-2, were aimed at defining and
testing each of the base components of a future operational weather forecast system for ATM, as well
as evaluating their usefulness to improve the predictions. In SINOPTICA, this was carried out by postanalyses on the selected past events: the needed archive raw data were retrieved, they were
processed, and the results provided to the assimilation system with the looser constraints allowed by
the fact of dealing with past (archive) datasets. Data provision in an operational environment requires
to address the tighter constraints related to near real-time raw data retrieval, processing and delivery.
CIMA is already assimilating the following data sources in an operational manner:
-

DPC weather stations,
Italian weather radars.

The provision of the other data sources analyzed in SINOPTICA for assimilation into CIMA’s operational
WRF processing chain will require all involved partners to define suitable:
-

near real-time data format (which could be different from the data format used for
SINOPTICA’s post-analyses),

-

time resolution for the data to be assimilated (which should be compatible with the chosen
assimilation technique, but could also be constrained by the near real-time processing),

-

data transmission protocols/platforms,

-

maximum acceptable latencies (including the data processing time when needed, and a
reasonable estimate of the data transmission time).
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5 SINOPTICA low-cost GNSS station
This section describes the activities carried out to study the feasibility and usefulness of using low-cost
GNSS equipment for atmospheric monitoring in support of weather forecast applications.

5.1 Low-cost GNSS equipment
The high variability of water vapor both in space and time requires highly dense and homogeneously
distributed networks, with inter-distances between the stations shorter than 10 km. This has been, up
to now, a strong limit to the diffusion of GNSS use for meteorological purposes, due to the high cost
of the geodetic receivers needed for this kind of applications. On the other hand, low-cost receivers,
which have opened the way to a lot of innovative applications of the GNSS systems, have not been
used yet for operational troposphere sensing, being limited by the availability of observations on one
frequency only. Without a dual-frequency receiver, in fact, the delay produced by the upper
ionospheric layer of the atmosphere cannot be removed from the observations, making it impossible
to distinguish between this delay and the tropospheric one. With the new generation of Galileo and
GPS satellites, which make available observations on a second frequency (E5a/L5 or E5b/L2C) not
restricted for civil purposes, this limitation is overcome. Since 2019, in fact, low-cost dual-frequency
GNSS modules reached the market. Low-cost receivers enabled to tropospheric delay estimation could
be deployed in dense and extensive networks, and can therefore be fully exploited for meteorological
purposes.

5.2 SNP1 station deployment
A low-cost GNSS station was purchased and deployed by GReD in the northern part of the Malpensa
airport, near the city of Varese (Figure 11).

Figure 11: the SINOPTICA low-cost GNSS station deployed near Malpensa airport
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A GeoGuard Monitoring Unit (GMU) was used for the deployment. GMUs are GNSS devices based on
low-cost GNSS receiver modules and antennas, that have been originally designed and developed since
2014 by GReD in collaboration with their partner company algoWatt SpA. The GMU used for SNP1
mounts a dual-frequency module, tracking GPS L1/L2C and Galileo E1/E5b.
The deployment location was selected based on the spatial distribution of the GNSS stations already
present in the area surrounding the Malpensa airport (Figure 12). Given the lack of stations north of
the airport, a suitable location was searched there.

Figure 12: Location of the SINOPTICA SNP1 station with respect to the SPIN3 and GReD GNSS stations (blue
circles) surrounding the Malpensa airport (orange triangle)

The Astronomical Observatory of Campo dei Fiori (near the city of Varese) kindly offered their building
rooftop as a location for the deployment, also based on previous collaborations with GReD in the field
of atmospheric measurements by GNSS. The deployment took place on the 4th of February 2021.
The SNP1 station (Figure 13) is fully autonomous for both power (photovoltaic panel, backup battery)
and data transmission through mobile (3G) connectivity. The station has been functioning continuously
since then, with just a hardware maintenance intervention in June 2021, because of a malfunctioning
cable connecting the backup battery to the main electronic board, and a gap in the collected data in
the end of August due to server-side software issues. The identification and resolution of these
problems were very useful to GReD because it allowed to further optimize the installation procedures,
to plan a hardware upgrade for this type of stations and to fix server-side software issues, further
improving the reliability of the system.
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Figure 13: the SINOPTICA SNP1 station (red arrow) as seen on 22/11/2021 by a webcam at the Astronomical
Observatory of Campo dei Fiori at the link https://www.astrogeo.va.it/wbc/archivio.php

5.3 SNP1 NRT data processing and results analysis
GReD set up the necessary systems to retrieve and process the raw GNSS data generated and
transmitted by SNP1 in near real-time, updating the time series of GNSS-derived Zenith Wet Delay
(ZWD - a proxy for the precipitable water vapor) every 1 hour. These near real-time results are
transmitted to some SINOPTICA participants’ smartphones using a dedicated Telegram channel (Figure
14). This is done in order to facilitate the interaction among the stakeholders in order to identify ZWDrelated indicators that could be useful to raise warnings related to intense rainfall.

Figure 14: Example of NRT-estimated ZWD for the SNP1 station (left, highlighted in dark red) and example of
NRT results delivered through a Telegram channel (right)
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Figure 15 shows the ZTD time series computed for SNP1 station, with the short-term and long-term
ZTD variations that happened during the monitored period.

Figure 15: Time series of ZTD obtained in NRT from the SNP1 station, from February to November 2021

In order to increase the possibility to detect useful signals from NRT ZWD results possibly associated
with intense rainfall, GReD activated the NRT processing also of the raw data streams received from
the pre-existing GNSS stations showed in Figure 12. GReD was able to access these single-station raw
data streams thanks to a collaboration agreement made with the operator of the SPIN3 GNSS network
(CSI Piemonte). In the time frame of the SINOPTICA project, some intense rainfall events affected the
area of interest covered by the selected NRT stations. Figure 16 shows the results of the NRT ZWD
monitoring for the rain event that happened on 20 June 2021, with a widespread precipitation area
that moved from Piemonte to Lombardia regions (including the Malpensa airport).

Figure 16: Time series of NRT ZWD during the 20 June 2021 rain event
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The NRT ZWD time series exhibit clear peaks for some of the network stations, following the order in
which they were affected by the incoming rain front. The clearest peaks are shown by CRSN
(Crescentino), VIGE (Vigevano), GRTR (Lomazzo – at GReD premises) and COMO (Como) – see the
localization of these stations in Figure 12. In some cases, it was possible to retrieve measurements
from rain gauges nearby the GNSS station. The comparison between each NRT ZWD time series and
the corresponding rain gauge measurements showed a good correlation (Figure 17).

Figure 17: Comparison between CRSN and COMO NRT ZWD time series and the nearest rain gauge
measurements

Although these stations are not low-cost, and even though SNP1 was off due to a hardware
malfunction (see Figure 15), GReD had anyway the chance to check the NRT ZWD results obtained by
its own low-cost GNSS station (G602) installed on the rooftop of its office building, co-located with the
GRTR geodetic receiver. G602 uses the same equipment as SNP1. Figure 18 shows the good agreement
between GRTR and G602 NRT ZWD results, demonstrating that ZWD-related indicators to raise
warnings in relation to incoming rain could be obtained from low-cost stations, even in near real-time.

Figure 18: Comparison between NRT ZWD results by GRTR (geodetic, high-cost) and G602 (low-cost) GNSS
stations
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6 Summary and Outlook
All the tasks and activities planned for WP8 have been carried out successfully. The data sources
deemed both useful and feasible for the SINOPTICA solution are:
-

ground-based weather radar
lightnings
ground-based GNSS
GNSS-RO
automated weather stations

All of these are available and can be processed in near real-time, thus representing feasible data
sources for an operational numerical weather forecast solution.
The GNSS NRT ZWD showed promising results in terms of identifying useful indicators to raise warnings
about possible rainfall.
The gathered information and specifications about the data types, formats, size, transfer protocols and
required processing procedures will be the basis on which the SINOPTICA solution could be
implemented to be moved to higher TRLs.
WP8 saw a strong interaction among all the partners involved in the data analysis/processing,
overcoming the barriers posed by the different technical language and by the different
scientific/technical background.
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