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1. INTRODUCTION 

Following the successful outcome of the project “Building Resilience to Disasters in the Western 

Balkans and Turkey” in 2014, and responding to the needs identified by the beneficiaries, the World 

Meteorological Organization (WMO) in cooperation with the U.S. Agency for International 

Development (USAID) initiated a new project “South East European Multi-Hazard Early Warning 

Advisory System” (SEE-MHEWS-A), which aims to strengthen the existing early warning capacity in the 

region. During the Phase I of the SEE-MHEWS-A project, the commitment to the project by the key 

stakeholders will be established and a comprehensive implementation plan developed (e.g. scope of 

the project, contributing countries and partner agencies, types of tools to be included, required 

resources, phases of the overall project, and implementation mechanisms). 

As a part of the project activities, the Workshop on ICT technologies and requirements for 

observational for SEE-MHEWS-A was organized from 4 to 6 April 2017 in Athens, Greece. The aim of 

the workshop was be to define the required information and communication technologies, including 

high-performance computing capacities needed for meteorological, hydrological and marine models, 

need for centralized database for observations, and development of a common information platform 

for SEE-MHEWS-A. Furthermore, the aim of the workshop was to define requirements for 

observational data for SEE-MHEWS-A, including gaps in the existing national observing networks and 

needed improvements. The workshop was hosted by the Hellenic National Meteorological Service and 

attended by 41 observation experts and 41 ICT experts from meteorological and hydrological services 

of the region and stakeholders (participant list is attached as Annex I). The agenda of the workshop is 

included as Annex II. 

2. ORGANIZATION OF THE MEETING 

2.1 Opening Session  

The welcoming addresses of the Workshop on ICT technologies and observational requirements for 
SEE-MHEWS-A System SEE-MHEWS-A Numerical Modelling Workshop were given by Mr. Nikolaos 
Vogiatzis, Director of the Hellenic National Meteorological Service, Mr. Ivan Čačić, the President of 
WMO Regional Association VI and Mr. Milan Dacić, WMO Representative for Europe. 
 
2.2 Session II: Introduction to the aims of the workshop for observational requirements for 
 SEE-MHEWS-A 

 
2.2.1 Session II introduced the SEE-MHEWS-A project including the activities planned during the 
Phase I of the project and the vision for the regional advisory system. The session was chaired by Sari 
Lappi, WMO/FMI Project Manager. 
 
2.2.2 Milan Dacić, WMO Representative for Europe, presented the vision of the SEE-MHEWS 
Advisory System, through the discussion of the mission of National Meteorological and Hydrological 
Services (NMHS), particularly with regards to warning provision and how the SEE-MHEWS-A project 
can support the NMHSs in fulfilling this mandate. He identified a number of national level challenges, 
including those related to human and financial resources and the complexity of newly required 
services, and proposed international collaboration as a way to address these challenges. He 
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elaborated the goals of the project, which are aimed to support the NHMSs in strengthening their 
capacities in forecasting of hazardous events and provision of warnings. Finally, he presented a one of 
the possible designs of the SEE-MHEWS-A. 

 

2.2.3 Sari Lappi, the Project Manager from WMO/FMI Project Office, introduced the Phase I of 
the SEE-MHEWS-A project, which will be implemented by the WMO and is initially funded by the 
USAID (with budget of 580,000 USD). The first phase of the project will aim at reaching a consensus of 
Directors of participating NMHSs on the scope and technical content of the SEE-MHEWS-A and 
development of the detailed implementation plan for the SEE-MHEWS-A to be adopted by ICSEED 
Directors. During the one year long Phase I of the project, three thematic workshops have been 
organized to identify the needs of the beneficiaries in meteorological, hydrological and marine 
weather forecasting, numerical modelling, ICT systems and observations. The final conference will be 
organized in June 2017 for acceptance of the Implementation Plan by the Directors of participating 
NMHSs. The adoption of the implementation Plan will be followed by further fund raising with the aim 
to secure the establishment of the advisory system in the coming years. 
 
2.2.4 Lars Peter Riishojgaard, Project Manager for the WMO Integrated Global Observing System 
(WIGOS), provided a brief introduction to WIGOS, focusing on the Rolling Review of Requirements and 
the main technical and structural elements being developed during the current Pre-operational Phase 
of the Programme. He presented the three main components of the Observing System Capabilities 
and Review tool (OSCAR), namely OSCAR/Requirements, OSCAR/Space and OSCAR/Surface. The first 
of the three is the official source of requirements for all WMO activities and application areas, while 
the latter two together provide a complete description of the observational capabilities of WIGOS.  
OSCAR is replacing WMO Pub. 9, Volume A as the main WMO station catalogue, and will include a 
much more comprehensive set of metadata for a substantially enhanced set of observing stations.  
During the subsequent discussion, the Workshop participants agreed that it was important for the 
Members to help ensure that the information in OSCAR/Surface was accurate and kept up to date, 
and that any substantial upgrades or modifications to the regional observing systems should be 
informed by OSCAR/Requirements and OSCAR/Surface. 
 
2.2.5 The WIGOS Data Quality Monitoring System was briefly introduced as the main 
measurement tool providing continuously updated information about the functioning of WIGOS, and 
finally the concept of Regional WIGOS Centers was introduced as an important support mechanism 
for regional and sub-regional WIGOS implementation activities from which SEE-MHEWS-A could also 
benefit. 
 
2.2.6 Steve Foreman, Chief, Data Representation, Metadata and Monitoring of WMO, presented 
Architecture of GTS/WIS relevant to the SEE region and gaps that should be filled vis-à-vis connectivity 
to NMHSs of the region. He recalled the SEE-MHEWS-A workshops in Skopje and Budapest that 
highlighted a need for more information to be exchanged between project partners, covering a 
broader range of topics, which was needed for synoptic scale weather forecasting. With increased 
reliance on small scale numerical modelling, full three-dimensional radar information will be needed, 
placing additional demands on the facilities for exchanging information. In addition, meteorologists, 
hydrologists and oceanographers will need to share information with experts in landslides, forestry 
and other topics. The WMO Information System (WIS) is designed to facilitate this exchange of 
information, and provides standards that can be used to exchange information using the global 
Telecommunications System (GTS), other private telecommunications systems and the internet. 
Members participating in SEE-MHEWS-A will need to ensure that their information is registered in the 
WIS catalogue, that allows information to be listed for which the distribution is limited to authorized 
recipients only, and that their systems are compliant with the WIS specifications.  
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2.2.7 Current telecommunication capabilities of the NMHSs in SEE are presented in Annex III, 
while the knowledge of a scope and implementation of WIS is presented in Annex IV. The presented 
figures are based on the recent WIS survey.  
 

2.3 Session III: Observational requirements for SEE-MHEWS-A 

2.3.1 Session III introduced requirements for observations relevant for SEE-MHEWS-A. The 
session was chaired by Steve Foreman, Chief of Data Processing and Forecasting Systems, WMO. 

2.3.2 Miroslav Ondráš, Senior Project Officer of WMO, presented forecasters’ requirements for 
observations that were developed by meteorological, hydrological and marine forecasters at the 
Workshop in Skopje, 7-9 February 2017. These requirements cover observational data and products, 
model(s) output as well as preferred meteorological, hydrological and marine (oceanographic) 
models. The Workshop agreed on a scope of hazards and major users for the purpose of the SEE-
MHEWS-A. One of the underlining requirements was to adopt free and open data and products 
exchange using a centralized database and to apply access to seamless, multiple models at global, 
regional and local scales and visualized in a platform and according to standard WMO practices. The 
Final Report is available at:  https://public.wmo.int/en/events/meetings/south-east-european-multi-
hazard-early-warning-advisory-system-forecasters-workshop. 

2.3.3 Predrag Petković, Assistant Director for Observing System from Republic 
Hydrometeorological Service, Serbia (RHMSS) presented the observational data requirement for early 
warning system in Serbia. Legal and regulatory framework for observations was presented, including 
the role that quality management system has in support to bring the regulations into practice. 
Optimization of the observation systems is ongoing, to which the occurrence of meteorological and 
hydrological hazards has a significant impact.  The current observational system has been identified 
to have number of gaps to respond to the requirements, and will be addressed by the establishment 
of new real time observations and integration of complementary stations to the RHMSS network. 

2.3.4 Drago Grošelj, Head of Calibration Laboratory of the WMO Regional Instrument Centre, 
Environmental Agency of the Republic of Slovenia (ARSO), presented the environmental monitoring 
of ARSO concentrating on meteorological and hydrological observations and optimization of the 
network as a result of a large EU funded project. Significant efforts have been made to develop the 
data acquisition and processing system for meteorological observations and quality management 
system for the environmental monitoring. ARSO has calibration and maintenance facilities for the 
observing network and hosts the WMO Regional Instrument Centre (RIC). RIC assists the RAVI 
Members in calibrating their national meteorological standards, provides training and organizes 
instrument intercomparisons. Currently RIC is involved the interlaboratory comparison activities of 
the on-going MeteoMet2 project, which aims to evaluate the overall measurements uncertainties for 
the quantities involved in the meteorological observations and climate change evaluations. 

2.3.5 Onn Mintz, Senior Deputy Director for Technological Infrastructure from Israel 
Meteorological Service (IMS), presented the management of the observing networks at IMS including 
the meteorological observing network, calibration and maintenance activities and data dissemination. 
Challenges in the IMS include missing legal framework (no existing Law on Meteorology) and limited 
human resources for maintenance, calibration and ICT. IMS collaborates in the field of observations 
with other national authorities including the Hydrological Service, Ministry of Environmental 
Protection, Ministry of Agriculture, Water Authority and Airports Authority. Israel has a new 
governmental data policy to allow all data to be available free of charge to the public (real time and 

https://public.wmo.int/en/events/meetings/south-east-european-multi-hazard-early-warning-advisory-system-forecasters-workshop
https://public.wmo.int/en/events/meetings/south-east-european-multi-hazard-early-warning-advisory-system-forecasters-workshop
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historical data). IMS has re-focused their activities on the provision of basic meteorological services 
free of charge to benefit the society, leaving the tailoring of meteorological services to the private 
sector. 

2.3.6 Ercan Buyukbas, RA VI WG TDI Co-Chair and TT-WIGOS Leader from the State 
Meteorological Service of Turkey, presented implementation of WIGOS in RA VI. WIGOS activities in 
RAVI include ongoing development and update of R-WIP, increasing awareness of WIGOS through 
workshops, trainings and nomination of focal points and providing guidance for the Members. 
Proposal for Regional WIGOS Centres will be/is developed for virtual center approach and real centers. 
WIGOS in RAVI is aiming to improve the data quality with monitoring the regional network, improved 
utilization of the capabilities of RICs and establishment of new RICs. Proposal for radar data exchange 
has been developed for establishment of subregional networks in RAVI and integration with the 
existing radar networks. 

2.3.7 Manuel Fuentes, Products Team Leader from ECMWF presented ECMWF experiences in 
data management and archiving. He introduced the ECMWF data centre and data management for 
various forecasting systems utilizing large number of observations as well as the data dissemination 
system. The Meteorological Archival and Retrieval System (MARS) is the main repository of 
meteorological data at ECMWF containing operational and research data encoded using WMO 
standards. Observational DataBase (ODB) is a parallel source of input (observations) and output 
(feedback) for ECMWFs atmospheric model and data assimilation system (IFS). Both MARS and ODB 
are currently used outside of the ECMWF as well, and can be potentially usable for the SEE-MHEWS-
A project. However, the requirements and users need to be defined to choose best possible system to 
respond to the identified needs. 

2.3.8 Marius Matreata, Director of the National Centre of Hydrological Forecasts, National 
Institute of Hydrology and Water Management presented experience of Romania in cross border 
collaboration for hydrological forecasting. He presented the Hydrological Forecasting System for the 
Danube River including the models used and hydrological forecasting process. The data exchange with 
the neighbouring countries for hydrological forecasting for transboundary river basins is done 
according to bilateral agreements including exchange hydro-meteorological information (data on 
water levels, discharges, river ice formations, snow cover, water and air temperature, precipitations 
and hydrological forecasts). Cross-border collaboration for hydrological forecasting and establishment 
on regional systems are beneficial, especially in exceptional situations (for example ice phenomena 
and extreme floods). Development of hydrological observing networks is recommended to and 
concentrate on the most important hydrological stations (locations critical in real-time for the 
management of the emergency situations generated by floods). This first order network should also 
include selected precipitations stations, representative for the basin areas, where the runoff is mainly 
generated. For these important water levels and precipitations stations it is recommended to install 
more reliable and accurate sensors and communication systems to ensure that these stations remain 
in function even during very extreme events. 

2.4 Session IV: Discussion on observational requirements for SEE-MHEWS-A 

2.4.1 Session IV was chaired by Lars Peter Riishojgaard, the WIGOS Project Manager. 

2.4.2 In this session the Workshop participants expressed their views on observational 
requirements and existing gaps. 

2.4.3 This Project is aimed at strengthening activities of each participating institute. 
Meteorological and hydrological institutes are sometimes separated, resulting in differences in data 
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format and exchange. There are also difference between NMSs on utilization of the so called “third 
party (3rd)” party data. Different approaches exist also how we deal with the private sector that may 
compete with NMHSs, such as Samsung, IBM, Google, Amazon and others. This may be a challenge 
especially for small NMHSs. This is also one reason why making alliances through projects, such as SEE-
MHEWS-A is beneficial. 

2.4.4 NMHSs in SEE face similar problems in sustaining observations as in other regions, 
especially less developed.  These include problems with spare parts for AWS, cost of maintenance of 
AWS and calibration or high cost of consumables for upper-air stations. Quantitative Precipitation 
Estimates (QPE) are essential for nowcasting (flash floods) and especially hydrological models, yet 
many countries do not have needed remote sensing systems, such as weather radars, GPS, radio 
occultation and profilers. It was proposed that an inventory of observing systems in SEE be done within 
this Project and capacity development actions defined to fill as much gaps as possible under the 
umbrella of this Project. This should be a task for the Project Technical Team on Observations (TT-
Obs). WIGOS-PO offered help and resources to develop such an inventory. 

2.4.5 OSCAR could be a tool to assist in the inventory of observing systems in SEE. There are still 
some issues but WIGOS Project Office is working on increasing usability of OSCAR and on machine to 
machine interface allowing NMHSs to simply download data directly from their DB. OSCAR will also 
provide API thus allowing users to fine tune search and download of meta-data from OSCAR. 

2.4.6 It was stressed that observational data and output of models should be regarded as a back 
bone of this Project. Some participants proposed to transfer their knowledge on how to exchange 
effectively observational data to interested PP. All participants informed the Workshop that they are 
willing to exchange additional data for the purposes of the Project, some of them also for the 
international exchange. 

2.4.7 Data policy would be needed as a framework for the SEE region so that one agreement is 
agreed upon thus replacing the existing numerous bilateral agreements. Data should then be provided 
by the Project Participants (PP) into a Centralized Observational Data-Base (CODB) on a Common 
Information Platform (CIP) where data could be both visualized and accessible by PP. The scope of 
data and data products to be provided by PPs into a CODB should be defined by TT-Obs. 

2.4.8 Existing data policy of WMO is not always restrictive as many countries are willing to 
exchange also additional data for projects, such as SEE-MHWES-A or many have already adopted free 
and unrestricted exchange of observational data and products. Some are just waiting for a 
recommendation from WMO that would be then followed. 

2.5 SESSIONS V: Wrap-up of the day 

The chair of the Session IV summarized the key points that were agreed upon: 
a. An inventory of the capabilities of the observing system in SEE will be conducted by the Project 

TT-Obs with the help and resource from the WIGOS Project Office. 
b. Project Implementation Plan (IP) will contain a capacity development section addressing the 

gaps in the SEE observing systems. 
c. OSCAR should be used as a tool to assist in the inventory of observing systems in SEE and will 

be further improved to increase its usability, especially machine to machine interface and API. 
d. Data policy should be developed for the Project as a framework for the SEE region thus 

replacing the existing numerous bilateral agreements. The scope of data and data products to 
be provided by PPs into a CODB should be defined by TT-Obs.  

e. PPs will provide data defined the Data policy agreement into a Centralized Observational Data-
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Base (CODB) on a Common Information Platform (CIP) where data should be both visualized 
and accessible by PP.  

f. All Workshop participants expressed their willingness (subject to approval of the Data policy 
by ICSEED) to exchange additional data for the purposed of the Project.  

g. Existing data policy of WMO is not always restrictive as many countries are willing to exchange 
also additional data and products. Some have already adopted free and unrestricted exchange 
of observational data and products. For some others a recommendation from WMO would be 
needed to embark on free and unrestricted exchange of data and products. 

 
2.6 SESSIONS VI: Opening of joint session 
 
2.6.1 The welcoming addresses of the second day of the Workshop on ICT technologies and 
requirements for observations for SEE-MHEWS-A System were given by Mr. Theodoros Kolydas, 
Deputy Director of the Hellenic National Meteorological Service, Mr. Ivan Čačić, the President of WMO 
Regional Association VI and Mr. Milan Dacić, WMO Representative for Europe. 
 
2.7 SESSIONS VII: Introduction to the South East European Multi-Hazard Early Warning 
Advisory System (SEE-MHEWS-A) 
 
2.7.1 Ivan Čačić, the President of the WMO Regional Association VI, presented the development 
of the SEE-MHEWS-A including an example of how clustering of operations may work in the region, to 
facilitate and improve the cooperation between participating countries, especially during cross-border 
hazards. He briefly discussed forecasters’ requirements that were defined in the previous project 
workshop in Skopje in February 2017. He furthermore introduced a possible use of MeteoAlarm as a 
communication tool among forecasters within the SEE-MHEWS-A System. Mr. Čačić also introduced 
the vision for global MeteoAlarm and possibilities of expanding the SEE-MHEWS concept as a template 
for the development of similar systems in other regions. 
 
2.7.2 Milan Dacić, WMO Representative for Europe and Sari Lappi, WMO/FMI Project Manager, 
introduced the vision for the regional advisory system and the Phase I of the SEE-MHEWS-A project. 

 

2.7.3 Stefan Klink, EUMETNET Observations Programme Manager from Deutscher Wetterdienst, 
presented the EUMETNET Observations Programme including the activities of the fully integrated 
components (E-AMDAR, E-ASAP, E-GVAP, E-SURFMAR, E-PROFILE and OPERA). Current priorities of 
the programme are to foster the OPERA developments in order to be able to produce quantitatively 
usable 2D radar products and to exchange single site 3D volume data and to further expand the E-
AMDAR Operational Service by trying to extend the horizontal coverage beyond the EUCOS area and 
by considering a further roll-out of humidity sensors on board E-AMDAR aircraft. Furthermore, the 
aim is to set up activities regarding a coordination and harmonization of Lidar/Ceilometer 
observations for the main purpose of volcanic ash monitoring and to improve the user consultation 
process with data users from the Climate and Forecasting Programmes and Members via the central 
Observations Programme Management and its Scientific Advisory Team. 

 

Summary of the OBS part of the Workshop 
 

2.7.4 Lars Peter Riishojgaard informed session on the conclusions of the Observing component 
of this Workshop, namely: 
 

a. A robust observing system providing good spatial and temporal coverage for all variables 
with low data latency will be critical to success of Early Warning Advisory System; 
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b. These observations need to be shared across borders; this goes beyond what most 
Members are currently doing under WMO Res. 40 and RBSN; 

 

c. Further strengthening of observing networks should include: 
 Additional precipitation observations, including radars. Investigate also use of 

alternative technologies, e.g. based on mobile telecommunications link strength; 
 Additional upper air data (for NWP modelling); 
 AWS network upgrade is needed in some countries. Important to include operations 

support, e.g. for communication, calibration, maintenance and repair; 
 Data sharing is important; 
 Complete requirements specification goes beyond the scope of this Workshop. This 

will be a task of the Project Technical Team on Observations. 
 
d. There is a clear role for the WMO Integrated Global Observing System (WIGOS) within the 

Project: 
 It is important to build inventory of currently existing networks and to monitor status 

of operation and data sharing. This should be done using WIGOS infrastructure, 
especially OSCAR/Surface and WIGOS Data Quality Monitoring System (WDQMS); 

 TT-Obs should also ensure that OSCAR/Surface is up to date and accurately reflects 
regional observing capabilities; 

 Regional WIGOS Centre that is expected to be established in SEE should be ready to 
support implementation and operation of the Project. 

 
e. Round-table discussion on data sharing conclusions: 

 All Workshop participants were in favour of sharing all data at the highest temporal 
resolution possible; 

 This may result in a recommendation to NMHS Directors, e.g. via ICSEED; 
 WMO recommendation would also be useful;  could be included in the definition of 

RBON; 
 Some NMHS have no restrictions on sharing of observations; 
 Most other NMHS may be able to share observational data and products with other 

services for specific purposes such as SEE-MHEWS-A project; 
 Communication and data server issues need to be resolved. 

 

2.8 SESSIONS VIII: ICT requirements and possibilities for SEE-MHEWS-A 
 

2.8.1 Miroslav Ondráš presented the outcome of the NWP Modelling Workshop (Budapest 8-9 
March 2017), focusing on a design of the SEE-MHEWS-A advisory system. The latest design is 
presented in Annex V and is based on the forecasters’ requirements agreed during the Forecasters’ 
Workshop (Skopje, 7-9 Feb 2017) and developed further by participants at the NWP Modelling 
Workshop. However, it should be noted that agreements with the NWP consortia, participating 
stakeholders and owners of some of the systems and tools are yet to be concluded result of which will 
drive the final design of SEE-MHEWS-A. The Final report of the Workshop can be found on: 
https://public.wmo.int/en/events/workshops/south-east-european-multi-hazard-early-warning-
advisory-system-numerical-modelling  
 
2.8.2 Participants of the ICT component of the Workshop were requested to look at the 
presented design from the perspective of further developing this design based on the existing and 
futures ICT capabilities within the SEE region and also form the perspective of its operation and 

https://public.wmo.int/en/events/workshops/south-east-european-multi-hazard-early-warning-advisory-system-numerical-modelling
https://public.wmo.int/en/events/workshops/south-east-european-multi-hazard-early-warning-advisory-system-numerical-modelling
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maintenance. This is foreseen to be discussed during the Session X.  
 
2.8.3 Steve Foreman, Chief, Data Representation, Metadata and Monitoring of WMO, introduced 
Data exchange for effective data processing and forecasting system as the SEE-MHEWS-A Project will 
rely on effective exchange of information between the Project Participants. WIS 2.0 will be an 
evolution of the existing WIS that acknowledges that it will become increasingly difficult to exchange 
the large volumes of information that are being generated by observing systems or numerical models, 
and that will provide standards to allow Members to process information in the same place as data 
are available, much like the infrastructure proposed for SEE-MHEWS-A. Interface standards that go 
beyond this in the current WIS will be needed to make the architecture of SEE-MHEWS-A, and 
participants in the workshop concluded that guidance would be needed in the use of web services. 
They asked that the guidance on web services being prepared by the WMO/OGC MetOcean Domain 
Working Group  should be considered for inclusion in the practices associated with WIS. 

 

2.8.4 Dominique Lucas of ECMWF User Support – Forecast Department, introduced the ECMWF 
computing facilities. He focused on the Data Centre, the High Performance Computing Facility (HPCF) 
with its Cray XC40, HPCF resources, and operational activities of the Member States (MS) and the 
future of HPCF systems that is expected to be doubled by 2022.  

 

2.8.5 ECMWF’s core mission is to: (a) Produce numerical weather forecasts and monitor the Earth-
system; (b) Carry out scientific and technical research to improve forecast skill; (c) Maintain an archive 
of meteorological data; (d) Provide advanced training to scientific staff in our Member and Co-
operating States; (e) Assist the World Meteorological Organization with its programmes; and (f) Make 
25% of the supercomputing facilities available to its MS.  

 

2.8.6 Mr Lucas informed that only ECMWF MS have direct access to HPCF resources. Currently there 
are five MS from among the SEE NMHSs, namely:  Croatia, Greece, Serbia, Slovenia and Turkey. They 
together have an aggregated HPCF allocation of ~55 million Cores*Hours for 2017 and if those five MS 
agree to use their allocations, then SEE-MHEWS-A operational activities, such as CODB, the Suite of 
coupled met/hydro/marine models and CIP, can be run at ECMWF using that allocation. It appeared 
MS from SEE currently utilize very little of their HPCF allocations. The Workshop was also informed 
that there are 10 critical operational activities run at “prime time” and they take of about 60 % to 
70 %. Therefore, SEE-MHEWS-A could take up as much as 20 % to 25 % of prime time of HPCF. 
However, the situation in 2022 when SEE-MHEWS-A is expected to be operational will be dramatically 
different due to the significant upgrade of ECMWF HPCF. It appeared that outputs from model(s) 
operated by the five SEE MS in ECMWF HPCF would be available also to non ECMWF members.   

 

2.8.7 Francesco Benincasa from Barcelona Supercomputing Center (BSC) introduced activities 
related to (a) the WMO Sand and Dust Warning Advisory and Assessment System for the Northern 
Africa, Middle East and Europe (SDS-WAS NA-ME-E) Regional Center; (b) the Barcelona Dust Forecast 
Center; (c) the BSC-CNS supercomputing facilities; (d) the NMMB/MONARCH model; and (e) possible 
contributions of BSC towards operations of SEE-MHEWS-A. 

 

2.8.8 BSC develops a capability to model air quality processes from urban to global and the impacts 
on weather, health and ecosystems. It implements climate prediction system for sub-seasonal to 
decadal climate prediction. BSC also develops user-oriented services that favour both technology 
transfer and adaptation and uses cutting-edge HPC and “big data” technologies for the efficiency and 
user-friendliness of Earth system models. 

 

2.8.9 WMO SDS-WAS NA-ME-E Regional Center is operated jointly by AEMET and BSC and provides 
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model inter-comparison, multi-model products, AERONET evaluation, Satellite (MODIS, …) data 
evaluation, numerical scores (e.g., BIAS), and datasets download. It produces 72h 6-hourly dust 
forecasts of 2 variables (surface concentration and aerosol optical depth) of 12 numerical models + 4 
multi-model products. It also engages in workshops, training courses and seminars. Data, images and 
other products from the SDS-WAS available on the BSC server may be used solely for research and 
education purposes.  

 

2.8.10 Barcelona Dust Forecast Center is the first Specialized WMO Center for Mineral Dust 
Prediction. Numerical forecasts are based on the NMMB/BSC-Dust model at 0.1º resolution. It 
provides forecasts to WMO Members through GTS, EUMETCast and AEMET. 72 hours forecast (3-
hourly) model was developed at BSC NMMB/MONARCH (~1GB per daily dataset) and produces 6 
variables of level 1 (Optical depth, Dry and Wet deposition, Load, Surface concentration, Surface 
extinction). 

 

2.8.11 BSC also runs the Non-hydrostatic Multi-scale Meteorological Model on the B-Grid 
(MMB/MONARCH), with a domain covering North Africa, Middle East and Europe with a resolution 
0.1o x 0.1 o and 40 layers and 72 hours (3-hourly) temporal resolution. While BSC could offer to run 
SEE-MHEWS-A model(s), it must be noted that BSC does not operate in 7/24 and any failure on Friday 
could only be fixed next Monday, thus limiting closer collaboration between BSC and SEE-MHEWS-A. 

 

2.8.12 Zlatan Car, Vice Rector of the University of Rijeka, presented the Center for Advanced 
Computing and Modelling and its HPC facilities and BURA supercomputer. He presented some 
research projects, one of them being the Study of air quality and the micro weather forecast.  This 
includes: (a) Making detailed weather forecasts; (b) Research in the field of chemical reactions in the 
air and their impact on the environment; (c) Cooperation with the Institute NCAR in the US; (d) 
Simulations on supercomputers and sampling of measuring stations using WRF-ARW model, 
(e) Preparation of the implementation of a model for prediction across scales; and (f) Visualization of 
results.  The Center for Advanced Computing and Modelling could offer its HPCF to SEE-MHEWS-A. 
However, it has to be taken into account that this Center is operating still in a research mode. 

 

2.9 SESSIONS IX: ICT requirements for SEE-MHEWS-A: Country’s perspective  
 
2.9.1 Jure Jerman from the Slovenian Environmental Agency and its National Meteorological 
Service presented the experience in WMO Information System implementation, including High 
Performance Computing and HPC requirements for SEE-MHEWS-A Project.  

 

2.9.2 Mr Jerman looked into the modern LAM models and a controversy of a move to improve 
model outputs by simply improving model horizontal and vertical resolutions. Instead, improving data 
assimilation techniques and use of a rapid update cycle may have more positive impact on a quality 
of a model output. Modern models’ “grey” zone has been reduced from about 10 to about 2 km, thus 
reducing the size of a needed model domain resulting in savings of computer time. As an example two 
times bigger domain in one direction means four times increase in needed computing power.  As for 
the resolution, two times higher resolution requires 16 times more computing power. This has to be 
taken into account by the Project Technical Team on Modelling (TT-Mod) while designing the Suite of 
coupled met/hydro/marine models for SEE. 

 

2.9.3 Slovenian experience with utilizing HPC for NWP modelling shows that due to improved 
NWP models the cost of needed infrastructure has significantly increased; in their case for 50 kEuro in 
1995 to 1,000 kEuro in 2013. This makes it difficult for a single (and small) NMHS to cope with the 
trend. This is also a reason, why Slovenia would prefer to run collectively SEE-MHEWS-A thus saving 



13 

resources by each participating national entity. 
 

2.9.4 Mr Jerman made several test to find out possible HPC requirements for the SEE-MHEWS-A 
Project design. This took into account discussions made at both Skopje and Budapest workshops. The 
scenario tested was: (a) single LAM model (ALADIN/ALARO/AROME), (b) less than 1 hr integrated time, 
(c) Ensemble Data Assimilation (10 members ensemble) to get flow depended B matrix, (d) One large 
domain covering the whole SEE area, (e) 2km horizontal resolution, (f) ALADIN/SI as reference 
(432x432x87): 35min on 256 cores. It appears that this scenario (one LAM) would take 3 % of the 
existing ECMWF HPC, which, however would equal only to 0.2 % of total ECMWF CPU at the time of 
the Project operation in 2022. This is certainly a way to go as ECMWF HPCF would not be a limiting 
factor. Even more, there are still possible optimizations that could safe further computing 
requirements. It is estimated that this scenario would eventually needed 5,000 cores*hours per run, 
which is 30,000 per day and 10 million cores*hours per year. It can be recalled that the five ECMWF 
Member States for SEE have together allocation of about 55 million Cores*Hours for 2017. 
 
2.9.5 Mr Jerman addressed the possible outlook for SEE-MHEWS-A Project that has to be built 
on cooperation in the SEE region and on better use of resources as there are currently not enough 
HPC resources at a single NMHS in SEE. It may be possible to implement the Project if domains would 
be split in smaller ones, in which case existing HPC resources would likely be available. It has to be 
noted that there are not only a technical or scientific issue but rather political and organizational and 
those have to be addressed before implementation of the Project. ECMWF as provider is a very good 
solution; however, we need to overcome difficulties related to different model consortia agreement 
on the Project design. This Project should be ambitious enough to accommodate also the most 
advanced NHMSs in the SEE region. It should be clear that the Project will require also human 
resources (operational suite design and maintenance, data preparation and processing, operations 
monitoring, etc.). The Project Technical Teams should think “out of the box” while looking for 
solutions. 

 

2.9.6 Periša Šunderić form ICT department of the Republic Hydrometeorological Service of 
Serbia (RHMSS) presented experience of RHMSS in WIS implementation, including high performance 
computing facility. In his presentation he dealt with the communication infrastructure, WIS DCPC and 
RCC/NC of RHMSS, HPC systems at RHMSS, usage of computational resources at ECMWF, possible 
model domain for the SEE-MHEWS-A, and a migration to TDCF code forms. 

 

2.9.7 An important part of his presentation concerns usage of the computing resources of 
ECMWF by RHMSS.  RHMSS was allocated 128, 844 kilo SBU (System Billing Units) for 2017. As Serbia 
is the ECMWF MS. 1,951 KSBU per year is required for operational running of NMMB model (1.5%) 
with 4 km resolution, 2 runs per day, 3-day forecast. Hybrid EnVar Data Assimilation system for the 
same domain but 3 km resolution, 8 times per day and with 50 ensemble members takes about 88,000 
KSBU (70%) per year, thus showing that of about 10% to 20 % of their ECMWF computing time could 
be possibly offered for the SEE-MHEWS-A Project. 

 

2.9.8 Mr Šunderić performed test of operational run of NMMB model on ECMWF HPCF with SEE 
region split into five domains, namely: (a) central domain, covering Albania, Bosnia and Hercegovina, 
Bulgaria, Croatia, the Former Yugoslav republic of Macedonia, Hungary, Moldova, Montenegro, 
Serbia, Slovenia, and part of Greece and Turkey, (b) north domain, covering Moldova, Romania, 
Ukraine, and part of Hungary and Serbia, (c) southern domain, covering Albania, Bosnia and 
Hercegovina, Cyprus, the Former Yugoslav republic of Macedonia, Greece, and part of Bulgaria and 
Turkey, (d) eastern domain, covering Cyprus and Turkey, and (e) middle-east domain, covering Israel, 
Jordan and Lebanon. Test using a scenario (horizontal resolutions of 3 km, run twice a day, 3-day 
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forecast) showed that domain (a) would require 3,500 KSBU, domain (b) 6,132 KSBU, domain (c) 3,504 
KSBU, domain (d) 5,000 KSBU, and domain (e) 3,500 KSBU (for 2 km resolution). Altogether these run 
of the model on the defined five domains would require 21,640 KSBU per year. It should be recalled 
that Serbia only has an allocation of 128, 844 kilo SBU.  The same scenario for a model run but over a 
domain covering the whole SEE would require 87,600 KSBU per year.  
 
2.9.9 During a discussion on finding presented by Messrs Jerman (Aladin model) and Šunderić 
(NMMB model), it was agreed that these tests should continue taking into account several other 
possible scenarios and the results be made available for the Project Technical Teams on Modelling and 
on ICT. Additionally, Greece proposed to perform similar test with their COSMO model. These would 
eventually cover all three LAM models that were proposed to be nested in the Global models. 
 
2.10 SESSIONS X: Discussion on ICT requirements for SEE-MHEWS-A 
 
2.10.1 At the beginning of this session two presentations were made by Athanasios Sfetsos, the 
Senior Researcher of the National Centre for Scientific Research Demokritos, NCSRD and Antonis 
Kostaridis, CTO of Satways, on the Pan European framework for strengthening critical infrastructure 
resilience to climate change and its climate resilience infrastructure platform. 
 
2.10.2 To facilitate discussion on ICT requirements vis-à-vis the outcome of the SEE-MHEWS-A 
Workshop on NWP Modelling (Budapest, 8-9 March 2017), three ad-hoc groups (AHG) were created. 
These groups addressed a design of the SEE-MHEWS-A, especially: 

 

a. A Centralize DB of observations (CODB) that would contain observational data and 
products for assimilation, verification and nowcasting,  

b. A Suite of coupled met/hydro/marine models (SCM) applying cascading process from 
global to regional to national models, and 

c. A Common Information (and collaboration) Platform (CIP) that would provide interactive 
access to all data and information. 

 
2.10.3 A discussion was based on an assumption that a “political” agreement between the 
directors of NMHSs in SEE to develop and operate jointly a SEE Multi-Hazard Early Warning Advisory 
System would be concluded at a later stage. 
 
2.10.4 Additionally, the groups discuss the benefits related to this Project and needed capacity 
development activities that should be addressed by the Project. 

 

2.10.5 ADG agreed that free and unrestricted access to all observational data, model outputs and 
post-processed products would be of a great benefit to everyone. Joint operation of 
met/hydro/marine models would result in long term system sustainability in comparison of their 
operation and maintenance by each NMHS of the SEE region and as such it would reduce the 
resources, both human and financial, needed for their operation and maintenance. 

 

2.10.6 ADG agreed that the within the scope of the Project inventory of the observing systems in 
SEE should be made, including identification of the gaps, using OSCAR and WIGOS in general. This 
should be a task for TT-Obs. Further implementation of WIS and WIGOS in SEE is required and 
assistance of WMO secretariat is needed. Most PPs would require assistance in areas, such as: 
computer and communication equipment, observing  technology, human resources development 

 

2.10.7 Twinning activities would be needed, especially as regards sharing of experience and know-
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how. For sharing of know-how, webinar can be used. For this to happen the Project should envisage 
semi-permanent teams for the life of the Project that would address the capacity development needs 
of PPs, however, WMO should provide support. 

 

2.10.8 ADG agreed that the design of the SEE-MHEWS-A should be based on the three major 
components, namely: CODB, SCM and CIP. It was felt that this project should start as soon as possible. 
 
Centralized Observational Data Base (CODB) 
 
2.10.9 It was made very clear that CODB will be very useful for every Project Participant (PP). 
CODB should contain all possible observational data but the most demanding would be 3-D volume 
weather radar data.  
 
2.10.10 Minimum requirements should be adopted for observational data and products exchange 
that all PPs should comply with. The Project Technical Team on ICT (TT-ICT) should look what already 
exists rather developing our own solution. There are systems existing and widely used by NMHSs, such 
as the one developed by DWD based on the open source or Moving weather developed by a 
commercial company. 

 
2.10.11 Internet should be used as a basic communication means, using high availability and secure 
tunnelling, such as IPSec and OpenVPN. It is also possible to achieve redundancy via more ISP at 
national institutes. GTS and RMDCN should be used for data transfer whenever possible.  

 

2.10.12 For CODB data exchange a password protected policy should be used, however, it would 
be up to each PP and their national data policy to decide whether they will share data in a protected 
or free and unrestricted manner. For the password protection, automated encrypt/decrypt key (128, 
256 bits), SFTP, VPN, HTTPS and SSH could be used. 

 
2.10.13 It was  pointed out that “SavaHIS.org” is a good example of cooperation and data exchange 
among NHMSs’ of Slovenia, Croatia, Bosnia and Hercegovina and Serbia. 

 
Suite of coupled met/hydro/marine models (SCM) 

 
2.10.14 AHG agreed that their NMHSs would be in position to exchange the limited area weather 
prediction model results with the other project participants in a closed password protected network 
through the CIP. NWP models that are operated by SEE NMHSs already cover most of their neighbours.  
 
2.10.15 The Project Technical Team on Modelling (TT-Mod) should review existing coverage of LAM 
models and according to results make a proposal about possible expanding of their domains with a 
view that all PPs would be able to receive outputs from the three mentioned LAM models, i.e., ALADIN, 
COSMO and NMM-B. 

 

2.10.16 ADG agreed that it would be beneficial to jointly run the LAM models covering SEE region 
in a “cloud” environment, however, some PPs would not be in a position to allocate additional 
resources for operation of the models. 

 

2.10.17 Regarding the reginal hydrological models, their calibration is needed for their optimal use 
in all parts of the SEE region. 
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Common Information (and collaboration) Platform (CIP) 

 

2.10.18 It was proposed that CIP should be preferably located in a single location with the 
preference the ECMWF environment. TT-ICT would need to define services, standards and protocols 
for CIP Services, such as (a) Data discovery (Metadata); (b) Data retrieval; (c) Data post-processing 
(zoom); and (d) Visualization, preferably using open source or commercially available. 
 
2.10.19 For the communication between CIP and PPs internet and/or satellite communication may 
be used. OGC standards should be applied. 

 

2.10.20 Visualization would be an important module on CIP, especially for visualization of model 
outputs and post-processed data and products. Some NMHSs would be able to collaborate on a 
development operation of the needed modules on CIP, while some other may consider once more 
details would be available. 
 
2.11 Conclusions on ICT requirements and way forward  
 
The workshop participants concluded that all Project Participants could benefit from the SEE Multi-
Hazards Early Warning Advisory System and that the design of the SEE-MHEWS-A as presented during 
the workshop is feasible. Only some technical advice for a design was provided by the Workshop 
participants, due to the vague proposal provided by the modellers’ workshop to the ICT Workshop. It 
was agreed that  the technical specification of the SEE-MHEWS-A design will have to be developed by 
experts from among Project Participants and contributing stakeholders selected into the Project 
Technical Teams on observations, modelling, ICT, post-processing and nowcasting, and on capacity 
development and training. Project office should identify required resources as a priority so that the 
Project implementation could start as soon as possible. 
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ANNEX II 

 

PROVISIONAL AGENDA 

Workshop on ICT Technologies and Requirements for Observations for SEE-MHEWS-A  

Athens, Greece, 4-6 April 2017 
 

 

TUESDAY 4 APRIL 2017 
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Chair: Sari Lappi 

 Welcome addresses for OBS participants 

Nikolaos Vogiatzis, Director 
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09:15 – 10:05  
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10:30 - 13:00 
Session III: Observational requirements for SEE-MHEWS-A (OBS participants) 
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outcome of the Forecasters’ Requirements 
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Observational data requirement for Early 
Warning System of RHMSS 

Predrag Petković, Assistant Director for 
Observing System, Republic 

Hydrometeorological Service, Serbia 
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EUMETNET Observations Programme 
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Summary of the OBS part of the workshop 
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Session VIII:  ICT requirements and possibilities for SEE-MHEWS-A 
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Forecasters’ requirements (Skopje, 7-9 
February 2017) and on NWP Modelling 
(Budapest, 8-9 March 2017)  

Miroslav Ondráš, Senior Project Officer, 
WMO 

Data exchange for effective data processing 
and forecasting system 

Steve Foreman,  
and 

Lars Peter Riishojgaard, WMO 

ECMWF computing facilities: supporting 
Member and Co-operating States operational 
activities 

 Dominique Lucas, ECMWF 
(via video link) 

Possible use of BSC supercomputing facility 
for SEE-MHEWS Advisory System 

Francesco Benincasa, Barcelona 
Supercomputing Center (BSC), Spain (via 

video link) 
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Setting-up a supercomputer facility: Initial 
challenges, operational work and future 
sustainability – recommendations for a 
collaborative work 

Zlatan Car, Vice-rector for ICT, University 
of Rijeka, Croatia 

13:00 - 14:30 Lunch 

14:30 - 15:45 
Session IX:  ICT requirements for SEE-MHEWS-A: Country's perspective 

Chair: Steve Foreman 

 Experience of ARSO in WMO Information 
System implementation, including high 
performance computing 

Jurij Jerman, Head of Meteorological 
Techniques and Modelling Division, 

National Meteorological Service, 
Slovenia 

Experience of RHMSS in WMO Information 
System implementation, including high 
performance computing 

Periša Šunderić, Head of Division for 
Hydromet. Computer and 

Telecommunication System, Republic 
Hydrometeorological Service, Serbia 

WMO Information System implementation, 
forecaster/advisor support systems, and 
operating data centres, including high 
performance computing (Israel, Turkey, 
Croatia, ...) 

NMHSs, Countries (TBD) 

15:45 - 16:00 Coffee 

16:00 - 17:15 
Session IX:  to continue 

Chair: Lars Peter Riishojgaard 

 
WMO Information System implementation, 
forecaster/advisor support systems, and 
operating data centres, including high 
performance computing (Israel, Turkey, 
Croatia, ...) 

NMHSs, Country (TBD) 

18:00 
20:00 

Athens sightseeing by bus 
Dinner 
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THURSDAY 6 APRIL 2017 

09:00 – 10:00  
Session X: Discussion on ICT requirements for SEE-MHEWS-A 

Chair: Lars Peter Riishojgaard 

 
Possible use of CMCC supercomputing facility 
for SEE-MHEWS Advisory System 

Antonio Navarra, CMCC  
 (via video link) 

 
 

Assessing weather and climate impacts to 
critical infrastructures: The EU-CIRCLE 
approach and CIRP platform 

Athanasios Sfetsos, Senior Researcher 
of the National Centre for Scientific 

Research “Demokritos”, NCSRD  
and  

Antonis Kostaridis, CTO of Satways 

 
 

Introduction of the topics for discussions  Steve Foreman, WMO 

Defining required information and 
communication technologies, including high-
performance computing needed to: 

2 Operate the suite of the coupled 
meteorological, hydrological and marine 
models 

3 Operate centralized database of 
observations 

4 Operate and provide access to common 
information platform. 

All participants 

10:00 – 10:15 Coffee 

10:15 - 13:15 
Session X: continues 

Chair: Steve Foreman 

 Discussions or presentations All participants 

13:15 – 14:30 Lunch 

14:30 - 16:00 
Session X: continues 

Chair: Milan Dacić 

 Discussions or presentations All participants 

16:00 - 16:15 Coffee 

16:30 - 17:15 
Session XI: Conclusions on ICT requirements and way forward 

Co-Chairs:  Milan Dacić, Steve Foreman, Lars Peter Riishojgaard 

  All participants 
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ANNEX III 

TELECOMMUNICATION CAPABILITIES REPORTED IN WIS SURVEY 

 

Participant countries 
GTS 

(Mbps) 
Internet 
(Mbps) 

Communication means 

Albania 

0.55 25 
GTS / SMT, Internet, RANET, Data via GSM or Cell Phone, SMS, Satellite Data Collection 
Systems (DCS) - e.g. Eumetsat/NOAA/CMA/JMA 

Bosnia and Herzegovina   20 Internet, Satellite Data Collection Systems (DCS) - e.g. Eumetsat/NOAA/CMA/JMA 
Bulgaria 10 100 GTS / SMT, Internet 
Croatia 4 100 GTS / SMT, Internet 
Cyprus   3 Internet 
Greece No answer  

Hungary 8 400 GTS / SMT, Internet 

Israel       

Jordan 1 1 GTS / SMT, Satellite Data Collection Systems (DCS) - e.g. Eumetsat/NOAA/CMA/JMA 

Kosovo (UNSCR1244/99)  No answer    
Lebanon No answer  
Montenegro 10 10 GTS / SMT, Internet, Data via GSM or Cell Phone 
Republic of Moldova 5 100 GTS / SMT, Internet 
Romania 10 600 GTS / SMT, Internet 
Serbia 8 280 GTS / SMT, Internet 
Slovenia No answer   
the Former Yugoslav 
Republic of Macedonia     GTS / SMT, Internet, Data via GSM or Cell Phone 

Turkey 

34 500 
GTS / SMT, Internet, Data via GSM or Cell Phone / Satellite Data Collection Systems (DCS) - 
e.g. Eumetsat/NOAA/CMA/JMA 

Ukraine   300 Internet, Satellite Data Collection Systems  
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ANNEX IV 
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ANNEX V 

 

Depiction of the Suite of coupled meteorological, hydrological and marine prediction models, 

supported by the centralized database of observations together with Common Information 

Platform and contributing stakeholders. 

 

Depiction of three different types of participating entities depending on their information and 

communication technologies. Note: Through the capacity development all entities will 

eventually transit to type 3 

 


