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Methodology

Based on profuse available documentation, from EUMETSAT and other information sources (bibliography, eumetsat conferences, workshops, etc.), an analysis is made in order to detect in witch fields and at what extension MTG mission will benefit some of our operational tasks. For this purpose an open discussion is maintained in between different experts from Tecnalia and Euskalmet in order to a first evaluation of improvement potential and to stablish preliminary requirements for the near future. Here we present a brief summary and some relevant conclusions from our local perspective. It is remarkable on one hand that Basque Autonomous community is a small territory with approximately 100 km x 100 km size in the north of Iberian peninsula, with complex orography and coastal areas in the North, and in the other that as a regional service with limited resources a pragmatic point of view is mandatory.

For this purpose, in this document firstly we give context briefly summarizing main aspects from MTG-I and MTG-S and operational meteorology in Basque Country, secondly we resume some discussion aspects and finally we present some conclusions and key questions from our view.

An analysis of new opportunities for operational meteorology in

Basque Country based on MTG products and services 

Operational meteorology and climate in Basque Country

The Basque Meteorology Agency (Euskalmet) belong to the Directorate of Emergencies and Meteorology (DAEM) framed in the Basque Government Security Department. Euskalmet is in charge of operational meteorology in the Basque Country with particular focus on severe weather and impact [START_REF] Gv | Plan de predicción y vigilancia de fenómenos meteorológicos adversos[END_REF][START_REF] Gaztelumendi | An overview of a regional meteorology warning system[END_REF][START_REF] Gaztelumendi | The new Euskalmet coastal-maritime warning system[END_REF]. Among other responsibilities surveillance, analysis and forecast at Basque Country level are included, together with modeling, reporting, broadcast and others tasks including not only weather but also climate, hydrology or oceanometeorology (e.g. [START_REF] Gaztelumendi | Coastal-maritime risk and early detection in Basque Country[END_REF]. In this context different Weather surveillance.

Real time selective monitoring of diverse products with different zoom levels for the Basque Country area and surroundings is one of the fields in which we are currently using different MSG products more extensively. For this purpose, different images and derived products (mainly from the NWCSAF) are available for consultation (see fig1), on the Euskalmet-Tecnalia intranet and on the surveillance panel (e.g. Gaztelumendi et al 2006, 2010[START_REF] Gaztelumendi | Back to MOS?[END_REF] a video wall present in the surveillance and forecast area (fig2). The greatest handicap in relation to this type of environmental surveillance based on products monitoring is to guarantee adequate spatial resolution and timeliness as close as possible to real time. For this reason, priority is given to focus on representative products as simple as possible visualized in an appropriate manner for each surveillance typology (driven by hazards typology).

Improvements in this field will be mainly associated with the expected increase in temporal and spatial resolution of more or less similar product that is available from MSG. One of the biggest handicaps comes from the fact that (even at present time) "too many" products are potentially available for a human user. On one hand we need to include differentiated sections in the intranet and particular video wall slides oriented to high impact weather with the adequate products sets in each case. On the other, improve our automatic surveillance capabilities including improved decision support tools based on automatic analysis of images sequences and features extraction.

As a general rule we need to improve visualization capabilities, using different techniques for simplifying, combining or blending products (e.g. [START_REF] Miller | GeoColor: A Blending Technique for Satellite Imagery[END_REF], Setvak et al 2012). For this purpose we are going to develop tools based on free software fully exploiting the big possibilities of the present state of the art (such as KNMI ADAGUC, Pytroll group libraries etc.). Following same strategy and common principles applied to other information sources as radar data (e.g. Hernandez et al 2010, Gaztelumendi et al 2006).

Nowcasting and very short weather forecast.

As it is well known, satellite data could be used in different terms in numerical modeling, on the side of models with full earth coverage (GCM) and on the side of limited area models (LAM). In both cases improvement comes from data assimilation of direct or indirect measures. In our case GCMs used comes from bigger institutions as NOAA or ECMWF but LAMs are operationally executed for mesoscale forecast nested at different resolutions down to 1km based on WRF system (e.g. Gelpi et al 2021 , [START_REF] Gaztelumendi | Mesoscale numerical weather prediction in Basque Country Area: present and future[END_REF]. At present time an assimilation scheme is used based on information from Synop/metar data and available radiosounding (Gelpi et al 2021), as a next step radar data are going to be included. A proof of concept project is planed in order to check how "3D" MTG data (water vapour, wind,...) and soundings could be included in the assimilation process.

Higher spatial-temporal observations will allow to improve the characterization of different rapid evolution atmospheric features such as fronts, mesoscale convective complex, and convective systems. Infrared sounding mission offers an unprecedented hyperspectral imaging capabilities of the atmospheric thermodynamics.

At it is well known, lightning early detection can be used as proxy to describe other characteristics of severe convection such as convective rainfall, hail, or updraft strength. In our case as lightning information from ground networks is available LI mission data has limited impact, in any case it is planed to be a complementary lightning data source for different purposes.

At present day it is also clear for us that Artificial Intelligence (AI) approaches, including recent advances in Machine Learning (ML) technology have the potential to meet increasing requirements for and by nowcast and forecast products (e.g. [START_REF] Boukabara | Leveraging modern artificial intelligence for remote sensing and NWP: Benefits and challenges[END_REF]. In that sense ML can be used to augment or replace many components of the NWP processing chain.

In our case, automatic nowcasting tools developed are mainly based on Radar data and automatic extrapolation techniques (e.g. Hernandez et al 2010). At present, satellite data remain at second level to fill gaps. Improved spatial resolution and rapid scan capabilities could overturn the situation.

Within the SAF network, the NWC-SAF is the closest to the users, as it is installed and operated on the user side of the EUMETCast. The NWC SAF software will generate products locally using the user's MTG-FCI, MTG-IRS and MTG-LI data and numerical models. The challenge is to design products and algorithms that explore synergies between all MTG tools. Since NWC-SAF products are generated locally by users, there are no restrictions on bandwidth, number or size of products. The user can select the region of interest to process using their own numerical models.

Two proof of concept projects are planed in order to local exploitation of Nowcasting available tools one for the Integration of NWC SAF with Nowcasting SWIRLS suite, developed by Hong Kong Observatory and other for the integration of NWC SAF with pySTEPS (Pukkinen 2019), the python framework for short-term ensemble prediction systems.

As a summary, new FCI, IRS, and LI instruments capabilities, the increased spatial resolution and high temporal refresh cycles will promote new opportunities and better results in nowcasting and very short range predictions.

Monitoring hazards.

The continuous monitoring using multispectral techniques as demonstrated by MSG SEVIRI provides important timely information for monitoring different hazards types. The existing capabilities will be continued with FCI, albeit with improved performance, and further augmented by the Sentinel-4/UVN and IRS data, providing additional capabilities to estimate Saharan dust transported to the Atlantic or wildfire smoke or volcanic ash cloud height and concentration as well as sulfur dioxide.

High temporal coverage from MTG allows early detection of strong fire events and monitoring the evolution and rapid changes in the direction of propagation. To improve the fire detection capabilities from geostationary orbit, the FCI 3.80-μm channel is specifically designed with two radiometric ranges and a resolution down to 1 km. Such improvements are going probably to have minor impact in our highly populated territory where forest fires are usually of limited extension.

Floods monitoring applications from MTG not so critical in our territory as a very dense groundbased observation infrastructure is available and Basque catchments have reduced dimensions.

In any case combination of different products including new MTG capabilities are considered.

Weather analysis and model validation.

In our case, analysis tasks based on MSG, are performed by forecasters and analyst by consulting available images in our intranet. As most part of actual analysis deal with synoptical and mesoscales aspect actually well resolved by MSG, minor practical improvements are expected. In any case, increased resolution seems to be very useful in order to analyze extension and past evolution details of small weather features as fogs or storms in combination with Radar and lighting network. Same principle of simplification and automatization are desirable. Increased spatial-temporal resolution is a key aspect in order to include MTG derived products in operational validation of LAM models.

Climate monitoring.

Although geostationary satellites were not originally designed for climate, the reprocessing of the data provides valuable information on the variability of climate parameters. This will be particularly true with MTG generation that will extend MSG climate applications for the next 20-25 years. In between climate and analysis it has to be mentioned that in the near future we are going to face different lines dealing with regional "climatologies" for different weather elements as fog, MCSs, etc. and also to improve climatic knowledge combining Meteosat information with insitu measurement. Here we remark two of them:

Combining rain gauges, satellite precipitation and radar. MTG is an opportunity to overcome some more of the inconsistencies in the combination of radar and satellite precipitation. The QPE product can benefit from this. In addition to radar (SRI), satellite-based estimation product (CRR from NWC SAF) could also be used for spatial predictive modeling as ancillary information.

Combining pyranometers and satellite irradiation. The downscaling of solar irradiance will also benefit from the new spatial-temporal resolutions of the MTG. As it is well known, one of the alternatives for obtaining higher spatial resolution of solar irradiation is the downscaling, based on digital elevation models (DEM) with satellite-derived irradiation data (SIS solar radiation product from CM SAF) to account for the effect of complex topography.

Atmospheric composition and air quality.

The main objective of the Sentinel-4/UVN mission on board MTG-S is to measure atmospheric composition and to support air quality monitoring and forecasting over Europe with hourly observations. The main data products being ozone, nitrogen dioxide, sulfur dioxide, formaldehyde, and aerosol optical depth. The observations by Sentinel-4/UVN are complemented by IRS providing information on ozone, carbon monoxide, and volcanic ash composition. Due to its spectral coverage and spatiotemporal sampling, IRS will be particularly suited to study the diurnal cycle of ammonia, a short-lived species, hence contributing to air quality, anthropogenic point source, and fire monitoring. Those data seems to be interesting as complementary from the Basque air quality network.

Results and discussion

 In this work, we have included a preliminary review of the main challenges we must face in order to include MTG potential improvements in different operational fields in the context of operation in a regional met service as Euskalmet (fig3). While MTG will seamlessly continue the established services from MSG, it will also enable substantial improvements in terms of continuous monitoring of the atmosphere and will open the door to new applications and services.

 In contrast to the previous Meteosat missions, MTG mission will include two different types of satellite, one focusing on imaging sensors (MTG-I) and one that will carry onboard sounding instruments (MTG-S). MTG-I1 launch is planned for end 2022 , MTG-S1 for early 2024 and MTG I2 during 2025. Start of services will began 6-12 months after launch.

 Main improvements from the user perspective: faster repeat cycle; higher spatial resolution; extended spectral coverage of the imager ; new capabilities of the hyperspectral sounder; new capabilities of the lightning imager; improved signal to noise ratio  Full Scan Service from MTG-I1-LCI (see tab 1) will provide imagery and products every 10 minutes with spatial resolution of 0.5/1/2km (at Sub Satellite Point SSP). MTG-I-LI will provided products with updated cycle of 30 sec for about 4.5 km (SSP), MTG-S-IRS available each 30 min for about 4km (at SSP), MTG-S-S4 available each 60 min for about 8km (at 45º) spatial resolution. Rapid Scan Service from MTG-I2-LCI will provide fast imagery products for 0.5/1/2km (at SSP) and 2.5 min.

 In monitoring hazards and other critical applications where polar-orbiting imagery data, with higher spatial resolution, are usually mostly used, future MTG data may have an advantage from high-frequency (at a huge distance from single polar orbiting satellites capabilities) and increased spatial resolution (although far from polar-orbiting capabilities).

In Basque Country case pixel resolution of 1x1km at SSP goes to 1.1 E-W x 1.8 N-S aprox.

 In our case, the evolution of products and new services from MTG capabilities will be a continuous process beginning with enhancing of actual usage of MSG and the preparedness for the development and implementation of new applications.

 In the short term, we are going to move from qualitative use to quantitative perspective through automatization on some key monitoring and surveillance aspects (e.g. Gomez de Segura et al 2021) and inclusion in Nowcasting tools at present mainly focused on Radar. This strategy allow us to optimize human resources and to support real-time decision tools from MTG enhanced temporal resolution and higher data volume.

 Move from features recognition from tif image perspective to netcdf4 are needed, available expertise from Radar and numerical side must be used.

 As specialized personal rely heavily on spatial pattern recognition particularly during high impact weather scenarios, automated pattern recognition (IA based) or even much simpler algorithms for real time features extraction and detection (Deep convection, fogs, MCSs, etc..) should be included in MSG operational tasks in order to support human decisions (e.g. Gomez de Segura et al 2021). Those tools will be the first step in further capabilities and improvements to be applied to MTG products in the future. Automatic surveillance and decision support tools seems to be critical in an era with huge set of products availability for forecast and surveillance.

 Thanks to the increased spatial and temporal availability of data temporal analysis perspective (time series) focusing on relatively small areas or even points could be useful for different purposes.

 MTG new products and capabilities need to be considered in the context of all the information available at local level from other sources (Polar satellites, radar, on site instrumentation, etc..). Is important not to forget that early detection, although essential, is just the first step, effective and on-time communication and action are also key question when dealing with high impact weather.

 Detection of rapidly developing cumulus based on products with a temporal interval of 2.5 minutes and less than 1 km resolution will enable us (not earlier than 2025 when MSG-I2 RSS will be availbale) to catch impending thunderstorms even earlier than with actual operational meteorological Radar.

 The full exploitation of the MTG capability at local level from our pragmatic perspective, as usual, need to include the EUMETSAT Satellite Application Facility (SAF) Network (www.eumetsat.int/website/home/Satellites/GroundSegment/Safs/index.html). SAFs have provided during MSG era useful products and tools for the users community that will surely improve during MTG era. We want to mention particularly those coming from the Nowcasting SAF that provides products and full set of tools that are essential from our operational perspective. 

Remarks and conclusions

  Meteorology Agency (EUSKALMET). Parque tecnológico de Álava, Miñano, Araba, Basque Country. 2-TECNALIA, Meteorology Area. Parque tecnológico de Álava. Miñano, Araba, Basque Country. Tab 2. Different data levels names used to describe the conditions of the science data at various points in the data processing (source: EUMETSAT 2020 EUM/MTG/DOC/17/946090). P 417 Tab 3.Summary of FCI-FDSS level 2 timeliness and volume of data from EUMETcast Europe. (source: EUMETSAT EUM/MTG/DOC/17/946090)
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  Fig 2. MTG Operational System Communication Scheme (source EUMETSAT))

  Fig 2. Euskalmet Surveillance Panel (8x2 video Wall)
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EUMETSAT will launch MTG satellites over the next few years that provide some innovative capabilities, including a lightning imager, which will look at where lightning is taking place on Earth and the first infrared soundings from geostationary orbit, which will provide detailed 3D information on temperature and humidity every 30 minutes. MTG data will provide users with a spectacular increase in the quality and variety of data accessible towards the end of 2025, all of which will support more accurate and useful Earth modelling and weather forecasting.