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1. Executive Summary

The Virtual Ocean Model Lab (VOML) is the technological platform for co-development of software and applications
in the EDITO Model Lab project. Its main purpose is to serve as an interchange, development and testing framework
for the different Digital Twin Ocean (DTO) software components, from the integrated thematic model suites (WP4),
including Al (WP2) and improved DTO models, and from global to coastal scales (WP3), to the prototypes deployed by
Focus Applications (WP6) and What-if Scenarios (WP7).

The VOML can be seen as a comprehensive system that brings together a development subsystem and an advanced
computing infrastructure. This ecosystem, empowered by the software components from the EDITO Model Lab, plays
a key role in integrating and optimizing different computing resources. It also offers functionalities to configure,
relocate, and manage integrated model suites and applications while providing robust monitoring tools to interact
with and oversee the resulting outcomes.

The VOML makes use of the existing EU public DTO platform and its databases, the infrastructure being deployed by
EDITO Infra project, and HPC resources from EuroHPC. Importantly, EDITO-Infra provides resources, processes and
services to the VOML, which has the Autosubmit workflow manager as its backbone. In turn, Autosubmit allows to
integrate cloud-based capabilities and the extensive computing power offered by EuroHPC systems. On top of
Autosubmit, the relocatable platforms (model builders, like SURF and HBM’s) provide a framework for configuring and
executing on-demand focus applications and what-if scenarios. Finally, the specialized GUIs connected to the model
builders supports the accessibility of these tools and their utilization in WP6 and WP7, offering user-friendly interfaces
for various configurations and validations.

This report describes the general architecture of the VOML and of each of its components and underlying
infrastructures.
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2. Introduction

In the framework of WP5-Virtual Ocean Model Lab and Task 5.1-Co-design of the VOML, the present deliverable D5.1
planned for Month 12 aims at describing the EDITO-Model Lab technical architecture for the Virtual Ocean Model Lab
(VOML), supported by Autosubmit as backend solution, integrated with the collaborative development and testing
framework and the relocatable Ocean modelling platform, and including the user interfaces for on-demand models. It
will be coupled to the Virtual Research Environment (VRE) portal that will be provided as part of the EU public DTO
platform.

The second and last deliverable of WP5, D5.2 — Virtual Ocean Model Lab, is planned for Month 18 and will consist in a
Software documentation of the VOML developed in WP5, including the backend solution (75.2- Back-end architecture),
co-development capacity (75.3- VOML for co-development), the relocatable modelling platforms (75.3- VOML for co-
development) and the user interfaces (75.4- User interfaces for on demand model).

The report is developed in coherence with D1.2-Strategic Plan, which aims at presenting the strategic plan of the EDITO
Model Lab project, including the scientific and technical roadmap, co-design of the components, HPC resources and
infrastructures; summarizing the co-design developments (year 1) and presenting plans for integration (year 2), and
demonstration (year 3) over the upcoming phases of the Project.

The VOML is the technological platform for the co-development of software and applications in the EDITO Model Lab
project. Its main purpose is to serve as an interchange, development and testing framework for the different Digital
Twin Ocean (DTO) software components, from the integrated thematic model suites (WP4), including Al (WP2) and
improved DTO models, and from global to coastal scales (WP3), to the prototypes deployed by Focus Applications
(WP6) and What-if Scenarios (WP7).

The VOML makes use of the existing EU public DTO platform and its databases, the infrastructure being deployed by
EDITO Infra project, and HPC resources from EuroHPC. For its design, the VOML (WP5) considers, on the one hand, the
requirements from the Focus Applications and What-if Scenarios (WP6-WP7), and the modelling suites (WP4), in a
series of co-development meetings. On the other hand, it accounts for the progress of the EDITO platform, developed
within the EDITO-Infra project.
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Figure 1. VOML co-design schedule over 2023.
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In particular, the development of the VOML builds on two main co-design project events:

e An internal Workshop for the co-design of the VOML held on 19-20 October 2023 in Toulouse and remotely,
that enabled to start testing the VOML backbone with 30 beta-testers from the project, and the tentative
integration of developed EDITO-Model Lab applications developed within the EDITO-Infra environment,

https://edito-modellab.eu/news/users-co-design-meeting-kicks-off-testing-for-edito-s-virtual-ocean-model-lab; and

e A User’s Co-Design Review organised in Delft at Deltares and remotely on 22-23 November 2023, which
involved more than 20 external stakeholders discussing with project partners their uncertainties and wishes.
Discussions covered a broad range of aspects, including implementation of Al-based ocean emulators,
capabilities and functionalities of the underlying models built by the consortium (e.g. around usage of
unstructured grids or performance and resolution issues), usages of APIs and standards for interoperability with
other solutions, as well as scalability of computing resources to meet partner and external users' needs.

https://edito-modellab.eu/news/edito-model-lab-wraps-up-co-design-phase-with-empowering-testers-rsquo-

workshop

The results of these events will be analysed, filtered, and, where appropriate, incorporated into the EDITO-Model Lab
Strategic Plan at upcoming phases of the project.
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3. Virtual Ocean Model Lab (VOML)

The VOML is a comprehensive system that brings together a development subsystem and an advanced computing
infrastructure. This ecosystem, empowered by the software components from the EDITO Model Lab, plays a key role
in integrating and optimizing different computing resources. It also offers functionalities to configure, relocate, and
manage integrated model suites and applications while providing robust monitoring tools to interact with and oversee
the resulting outcomes.

Central to the VOML infrastructure is the Autosubmit workflow manager, functioning as the software backbone.
Autosubmit plays a crucial role in creating a cohesive environment that seamlessly integrates cloud-based capabilities
and the extensive computing power offered by EuroHPC systems.

The EDITO Infra platform, where Autosubmit is deployed, benefits significantly from this integration. Autosubmit
enriches the underlying infrastructure by granting access to HPC resources and enabling the federation of both cloud-
based and HPC resources. Its role extends from orchestrating the workflows developed in WP4, WP6, and WP7 to
support development and operation of the integrated model suite and applications. To achieve these objectives, it
focuses on several key aspects: ensuring interoperability among diverse platforms involved in production runs,
establishing robust data pipelines towards HPC/Cloud applications, supporting the relocatable platforms, and
developing public interfaces and APIs to monitor the executions.

In EDITO Model Lab the different workflows are not developed from scratch, and they rather integrate higher-level
building blocks. Along this line, the relocatable platforms (model builders) provide a framework to configure and
execute on-demand focus applications and what-if scenarios, integrating with Autosubmit to automate these
experiments. Additionally, the inclusion of specialized GUIs connected to the model builders extends the accessibility
of these tools and their utilization in WP6 and WP7, offering user-friendly interfaces for various configurations and
validations.
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Figure 2. VOML architecture diagram.

3.2 EDITO Infra

EDITO-Infra aims to establish the EU Public Infrastructure backbone by integrating key components from existing EU
ocean programs like "Copernicus Marine Service" into a unified digital framework.

The EDITO platform serves as a centralized hub for searching, exploring, and utilizing products and knowledge to
support digital twins of the ocean. Specifically:

It aggregates data from other European platforms, including Copernicus Marine service and EMODnet.

It comprehensively indexes all available ocean data products.

It presents data through the STAC API, facilitating metadata-driven and semantic search queries.

Users can incorporate new data into the platform either directly (by uploading) or by deriving new data from
existing sources through computational functions.

All processes offered by the platform adhere to the OGC API processes standard, ensuring smooth integration
with third-party systems.

The EDITO-Infra project aims to face the challenge of producing a system that allows building digital twins of the ocean
by gathering the following functionalities:

Tools accessible to directly build and/or work with end-user web services and computation functions.
Computation functions to generate data, which are easily run from the end-user web services.
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o Data to store input and output for the computation functions and accessible from the end-user web services to
be explored, displayed, or analyzed.

By connecting all these functionalities, the concept of asset materialization becomes possible: data not yet available
can already be referenced thanks to the computation functions capable of producing it.

This complete set of functionalities will allow the EDITO platform to host applications from various projects, supporting
the implementation of advanced ocean models, including those from the EDITO-Model-Lab and Mission Lighthouses
projects.

For EDITO Model Lab project, EDITO-Infra is the underlying platform that will:
1) serve as a primary entry-point for users accessing all EDITO-Model Lab services and resources.
2) support federating infrastructure and modeling resources, through the seamless integration of the VOML
components and, specially, its Autosubmit component described in the previous section.
3) enable EDITO-Model Lab project developers to build, run and share their software and applications.

EDITO Infra platform architecture is fully described in the EDITO-Infra deliverable D2.2 “EDITO-Infra architecture —
blueprint, domain, stack and deployment”. In the next two sections, we provide a user-interactions oriented summary
of the technical architecture of the platform.

2.1.1 User interactions with the platform

The following schema is an overview of the possible user's interactions with the platform and how it will leverage the
functionalities provided by the various underlying technical components. Among those, the Onyxia® datalab is at the
heart of the platform, delivering the EDITO Engine component and hosting self-services. It is deployed aside the EDITO-
Data Lake with key components such as Minio for storage, or STAC and ZARR for management of (meta)data, and is
collocated with WEKEO infrastructure and Copernicus Marine Data Store.

! https://www.onyxia.sh/
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Figure 3. User interactions with EDITO-Infra.

2.1.2 User contribution

Moreover, users will be able to add their own services, processes and tutorials to build their DTO applications. This is
made possible by heavily relying on the GitLab version control system and managed through a dedicated workflow.

The latter takes as input any cloned repository from the central instance that the user can adapt to their own needs.
Then, a workflow is triggered through the submission of a merge request to the EDITO developer team, that will review
and integrate it swiftly with the production environment. This operation only takes a few minutes, as they routinely
update their content in accordance with their corresponding repositories.

This workflow takes advantage of Helm? charts to seamless package, deploy and update Kubernetes® applications, and
maintain versioned packages available on the platform.

2 https://helm.sh/
3 https://kubernetes.io/
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Figure 4. Set up of new services, processes and tutorials by users in EDITO-Infra.

EDITO Model Lab will rely on and benchmark last-generation computational resources from the Tier-0 EuroHPC
machines deployed this year. The EDITO Model Lab components with higher computational demands, such as the
integrated core model suite and the more exigent applications, will be empowered by state-of-the-art computational
resources, thanks to the interoperability provided by the backend.

On the one hand, EDITO Model Lab will leverage on the High-Performance Computing (HPC) infrastructure of CINECA,
in particular the Leonardo cluster. Leonardo, the pre-exascale Tier-0 EuroHPC supercomputer, is ranked in the Top500
list as one of the most powerful supercomputers. Leonardo has two partitions: Booster Module and Data-centric
Module. The booster module partition is based on BullSequana XH2135 supercomputer nodes, each with four NVIDIA
Tensor Core GPUs and a single Intel CPU. It also uses NVIDIA Mellanox HDR 200Gb/s InfiniBand connectivity, with smart
in-network computing acceleration engines that enable extremely low latency and high data throughput to provide
the highest Al and HPC application performance and scalability. The Data-centric partition is based on BullSequana
X2140 three-node CPU Blade and is equipped with two Intel Sapphire Rapids CPUs, each with 56 cores.
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Figure 5. Leonardo supercomputer architecture diagram.

On the other hand, EDITO Model Lab will also benefit from the computing capabilities of MareNostrum5, another pre-
exascale EuroHPC supercomputer ranked in the Top10 of the Top500 list and located at the Barcelona Supercomputing
Center (BSC). The machine features two main partitions: GPP (General Purpose Partition) and ACC (accelerated
partition). MareNostrum5 GPP has 6,048 nodes based on Intel Saphire rapids, and MareNostrum5 ACC has 1,120 nodes
with the same CPU architecture, each with four NVIDIA Hopper GPUs. It uses InfiniBand NDR 200GB/s networking and
is supported by a spectrum scale file system with 248 PB disk and 402 PB in tapes.
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3.4 EDITO Model Lab

Along this section, the report details the role and architecture of the different components developed, maintained
and/or deployed in EDITO Model Lab to establish the VOML.

3.4.1 Back-end architecture
Autosubmit is an experiment and workflow manager written in Python 3, developed over 10 years at the BSC to
automate climate and atmospheric composition simulations running complex workflows on HPC. It plays a central role

in the back-end architecture, acting as a proxy between EDITO Model Lab services and applications to leverage from
the indiscriminate use of HPC and cloud-based resources.

P@® EDITOModellLab
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Figure 7. Autosubmit backend implementation in the VOML.

As Figure 7 shows, users create experiments in Autosubmit. Each experiment contains a YAML workflow configuration
(a list of jobs and their dependencies) containing the experiment configuration and other settings for resource
allocation, platforms, etc. Autosubmit writes experiments metadata in a local SQLite *database. This works well in HPC
environments with Network File System (NFS). Still, it requires other steps like loading the databases from S3°in EDITO-
Infra where containers are created with volumes mounting existing SQLite databases by different users to run their
services, Jupyter Notebooks®, and shells.

4 https://www.sglite.org/index.html
5 https://aws.amazon.com/es/s3/
6 https://jupyter.org/
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Platform in Autosubmit represents a computing server. It may be a login node of an HPC, a Docker” or AWS EC28
instance, a virtual machine, a transfer node, or even the local computer. An Autosubmit experiment can use multiple
platforms concurrently. The connection from the computer running Autosubmit (from where experiments are
launched) to each platform uses SSH. Autosubmit uses that connection to trigger and queue commands and scripts.
The connection is one-way, where traffic flows from where Autosubmit is running to the remote platform, never the
other way (l.e. no bidirectional traffic). TCP/SSH (customizable, 22 by default) is the only port that needs to be opened
in firewalls between EDITO Infra and the remote platform (e.g. MN5 or Leonardo). If the experiment uses the optional
mail notifier feature of Autosubmit, then it may require other firewall rules to access the mail servers.

The user or EDITO service or application that runs the Autosubmit command-line utility will start a local Python process
with access to the credentials allowing the currently logged-in user to access remote platforms. Remote jobs will be
launched using the account and connection platform settings. For example, local user “foo” launches the Autosubmit
command-line. That starts a Python Autosubmit process in the local computer. That process will read the SQLite
database and other YAML configuration files and execute each job in the workflow. Remote jobs will be launched via
SSH using the platform settings, where the user account could be “bsc12345” and the host “mn1.bsc.es” (an HPC login
node).

The security is handled through SSH keys. In the example above, it would be expected that the user “foo” has a valid
SSH key to connect to the remote platform “mnl.bsc.es” as “bsc12345”. Underneath, Autosubmit will execute Python
code that connects to the remote platform similarly and executes scripts® (like a user would do from the local computer
with “ssh bash —c 'some command...”). Autosubmit also supports 2FA for SSH.

3.4.2 Collaborative development and testing framework

In order to define a common working environment, the project EDITO-Model Lab will deploy a shared Git environment
to be used by all partners for storing and versioning their code. The system will also allow each partner to define CI/CD
pipelines to automate the deployment of their components.

At the current state of the project, CINECA can offer its own GitLab installation'®, requiring only the registration in the
UserDB login system. This installation provides, in the experimental phase, runners on compute nodes of the
Galileo100 HPC cluster, making it possible to schedule containerized code to be executed directly on these machines.
However, because GitLab runners enable a remote execution service, security risks exist for both the compute
infrastructure and network. For this reason, some hardening measures were taken on CINECA infrastructure, but they
cannot be implemented for external managed GitLab instances, since there is no control on the security measures they
have. To deal with the complexity of spawning Cl runners in an isolated and security hardened environment, CINECA
will test the usage of Jacamar CI*%, which allows to enforce the GitLab’s security model consistently between all Cl jobs.
With respect to the default runner configuration, Jacamar executor uses authorization and downscoping (i.e., setuid)
to isolate different Cl jobs, preventing them from accessing any data the other jobs store on the runner host's
filesystem, and enabling multiple users to share a single Jacamar executor securely.

Leveraging on external Git environments requires installing a self-managed runner on a HPC login node and would not
be practical for many reasons: the runner needs to be periodically rescheduled due to the time limits of the login node
environment, the code needs to have all the SLURM job launch logic in the Cl file description and, most importantly,
there are the same aforementioned security risks without the same hardening of the CINECA solution.

7 https://www.docker.com/

& https://aws.amazon.com/es/ec2/

% https://jupyter.org/

10 https://gitlab.hpc.cineca.it/

1 hitps://ecp -ci.gitlab.io/docs/admin/jacamar/introduction.html
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Figure 8. Schema of the Cl/CD runner workflow.

It should also be noted (and as shown above), that for registering processes and/or services making usage of codes
hosted within this collaborative environment on the EDITO-Infra Platform, EDITO Model Lab developers will need to
submit merge requests on a dedicated Gitlab instance, as described in section 2.1.2.

3.4.3 Relocatable Ocean modelling platform

Downscaling from global and regional sea to coastal-estuarial waters is one of the key functions of the Virtual Ocean
Model Lab, which will serve the needs of wide user communities on high-resolution, accurate information in national
waters. The Virtual Ocean Model Lab combines the implementation strategy for the DTO with the relocatable Ocean
modeling platform developed by CMCC (SURF, Trotta et al., 2021) and by DMI (HBM) to generate on-demand, high-
resolution ocean forecasts over limited domain of interest

The SURF platform:

The Structured and Unstructured grid Relocatable ocean platform for Forecasting (SURF*?) is an open-source software
designed to generate high-spatial-resolution, ocean simulations over limited domains of interest in any region of the
World Ocean. It is designed to be embedded in any region of a large-scale ocean prediction system via a robust nesting
methodology.

The platform covers two hydrodynamic cores with different spatial grids and discretization methods: (i) the Nucleus
for European Ocean Modeling NEMO, which is coded using the finite difference method on a structured grid, and (ii)
the System of HydrodYnamic Finite Element Modules, SHYFEM, coded using the unstructured-grid finite element
method. NEMO is tailored to the open ocean and shelf applications with multiple downscaling, while SHYFEM is
suitable for near-shore and estuaries implementations.

For multiple nesting (with increasing grid resolutions), the platform can reach horizontal grid resolutions of a few
hundred meters. For each nesting, the parent coarse-grid model provides initial and lateral boundary conditions for

2 https://www.surf-platform.org/
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the SURF child components. The cross-scale, seamless modeling approach with unstructured grids consists of a
representation of different scales through a unique-continuum, computational grid, from the basin to the shelf-coastal,
and from there to the near-shore scale, up to the estuaries.

The SURF workflow connects numerical integration codes to several pre- and post-processing procedures. All
interpolation and boundary condition issues are implemented in the platform, which is, thus, easily deployable in open
ocean and coastal areas, where higher resolution is required. The schematic workflow diagram in Figure 9 shows the
steps involved. The platform can deal with several types of sources of ocean and atmospheric input data. The initial,
low-resolution ocean fields can be taken from operational analyses or reanalyses, forecast products, and hindcast
products. These are available from the Copernicus Marine catalogue, but other data sources can also be used. The
platform is connected to all the static auxiliary fields, such as the NOAA coastline, the GEBCO bathymetry and the tidal
harmonic components, derived from the Oregon State University Tidal Prediction Software tidal model.

DATA SOURCES
[ Coastline | [ Bathymetry | [ Initial condition from Lateral OB condition from | Atmospheric | Tidal
{shp} {netCDF} coarser-resol. model coarser-res. model Forcing Forcing
- — = {netCDF} == {netCDF} == [netCDF} == etCDF}
= g || B || = =
PRE-PROCESSING
S " CHILD MESH GENERATION REMAPPING
User Configur, File
{'son} ATA NORMALI N
J Bathymetry Child-Mesh —> | |Initial Condition Lateral bond. Atmospheric Tidal
= SecA: Parameters for Remap+Manip Generation condition Forcing Forcing
Pre-processing and
Simulation Tasks
* SecB: Parameters for P
:ﬁ:ﬁ:iz;mn and Data OCEAN SIMULATION
Y (NEMO/SHYFEM)
-
g
DATA SOURCES
INPUT REMAPPED OUTPUT OBSERVATIONS
= =
POST-PROCESSING
Visualize the input, Compare parent Vs child Output format Validation of the model
regridded, output data fields conversion data with obs

Figure 9. Workflow of the Relocatable Ocean modelling platform SURF.

SURF has been successfully implemented in several regions of the World Ocean (see Figure 7) using operational large
scale global and regional ocean analysis and forecast system (products from Copernicus Marine catalogue and the
Global Ocean Forecast System GOFS16) for the initial and lateral boundary conditions.

It has been shown how the nested models can provide an improved ocean forecast with respect to the parent coarse-
resolution model (Trotta et al., 2016), and the benefits provided by higher model resolutions have been demonstrated
in terms of the simulation of object drift, oil spill events, storm surges, and currents in narrow straits (Trotta et al.
2021). The downscaled circulation fields show that the marine current resolution affects the quality of the application
models to be used for assessing disaster risks, particularly near coastal areas where the coastline geometry must be
resolved through a numerical grid, and, consequently, high-frequency coastal currents must be accurately simulated.

In the VOML, SURF will make use of the Autosubmit API to trigger the execution of the different steps with Autosubmit
and get monitoring information, especially when these are executed on HPC resources or require different sub-steps.
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Figure 10. Areas of the SURF downscaling experiments.

The HBM platform: A two-way nested solution for relocatable ocean modelling

HBM is a two-way, nested, 3D ocean-ice model which has been used at DMI for the operational forecasting service
and national climate service. DMI’s operational configuration of HBM resolves estuary-coastal waters with seven two-
way nested domains in the Baltic-North Sea, and resolutions of 0.1 to 3 nautical miles (nmi). DMI further developed
this model into a relocatable model for on-demand modelling. The current background configuration covers Baltic-
North Sea. The purpose is to provide users with an interactive modelling platform so that they can make a high-
resolution (up to tens of meters) simulation for a user-given subdomain and period. The model is called HBM Open-
source (HBMos).

The implementation consists of two levels. The first level is to make a background model configuration, e.g., an (inter-
)basin scale setup with lateral boundary forcing from a global model, e.g., Copernicus Marine. This model setup should
be pre-configured and calibrated to ensure high quality compared to existing Copernicus Marine models and national
operational models. For HBM, the background setup covers the Baltic-North Sea, in which Danish Straits are resolved
in 0.5 nmi resolution, Baltic Sea in 1 nm resolution and North Sea in 3 nmi resolution. The implementation of the
background setup includes the following tasks:

e Generating the model bathymetry and land-sea mask for the background setup using EMODnet bathymetry
and OpenStreetMap®® coastline data.
Preparing input datasets of river runoff, met-forcing and lateral boundary conditions.
Generating the model background configuration, compile, and make test runs.
Calibrating the model background configuration.
Validating HBMos against observations (sea level, T/S) and comparing with Copernicus Marine BALMFC
reanalysis and DMI operational HBM which was used as BALMFC forecast model during 2012-2018.

All the above tasks have been accomplished and HBMosV1 has been developed. The validation and inter-comparing
study showed that HBMosV1 is superior to both BALMFC reanalysis (on sea level) and the DMI operational HBM
(BALMFC version, sea level and salinity) at most of the stations. An example of sea level validation and intercomparison
is shown in Figure 11.

13 https://www.openstreetmap.org
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The second level of HBMos implementation is to develop an auto-configuration software package, allowing users to
specify user-given sub-domain, resolution and period. A “model-builder” needs to be developed. For the two-way
nested solution, the following tasks are needed:
e Generating a very high-resolution base map of the bathymetry and land-sea mask (in 37 m resolution).
e Developing a QGIS-/Python-based auto-generator of model land-sea mask, bathymetry and river input data.
e Developing a Python-based generator of other model input data and model grid according to user-specified
subdomain, resolution and period.
e Carrying out extensive stress tests on making high-resolution (37 m — 185 m) sub-domain setups, and
additional stress tests for extreme storm surge events (with return period of 100-1000 years). Then, check the
person-time used, model stability and product quality for different case studies.

German coamst \ L | A
. /.\ Baltic comt A
\ J

Figure 11. Sea level validation (root-mean-square-deviation, RMSD) of HBMosV1 (blue line) and intercomparison with BALMFC reanalysis
(green) and DM operational HBM (BALMFC version, orange). Stations covers coastal areas in the Baltic and North Seas. It should be noted that
HBMosV1 and HBM (BALMFC version) both uses met-forcing from HIRLAM forecasts (2.5 km resolution). BALMFC reanalysis is based on
NEMO4, using ERAS5 forcing (30 km resolution); NEMO4 assimilated temperature and salinity data while HBMos and HBM-BALMFC did not. For
NEMO4 and HBM-BALMFC, data at a few stations are missing in the pre-extracted datasets.

The above works are in their final stages. In total, seven cases were made. In general, it takes a modeler a few days to
complete a case study (incl. implementing a new high-resolution setup, bug-fixing, and making a required simulation
from days to months).

Based on EDITO Model Lab development experiences, we found that the advantages of the two-way nested solution
for relocatable, on-demand modelling are its high implementation efficiency, flexible and excellent downscaling
capability, relatively stable performance, and assured quality for estuarial-coastal water applications.

Variants/Domain Sub-domain | Application case study
resolution
Straits-1/@resund 0.02-0.1 nmi | Storm surge 1872 (1000y event), results comparable
to DMI operational storm surge model (DKSS)
High connectivity (HC)- 0.1 nmi Study variability in OWF (Kiegers Flak) and seaweed
1/@resund farm
Straits-2/Lille Belt 0.1 nmi Storm surge in the western Baltic Sea 2023.10.18-21

(>100y event), results are better than DMI-DKSS,
BALMFC forecast and other BOOS models.

HC-1.1/KiegersFlak W. 0.02 nmi Submesoscale analysis, impact of Wind Turbines
HC-1.2/KiegersFlak E. 0.02 nmi Submesoscale analysis, impact of wind turbines
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HC-2/E. Germany Bight 0.1 nmi Variability in OWF Helgoland and seaweed/mussel
farms
HC-3/Estonian offshore 0.1 nmi Variability in Seaweed/mussel/fish farms

3.4.4 User interfaces for on-demand model

Table 1. HBMosV1 “stress test” cases

This section reports on the user graphical user interfaces (GUls) featuring the VOML. They allow interacting with the
relocatable modeling platforms (SURF-GUI and DMI-GUI) or monitoring cloud and HPC workflows (Autosubmit GUI).
Therefore, SURF-GUI and HBM-GUI will provide higher-level, user-friendly information while Autosubmit GUI is more
devoted to developer users or users that need specific information about the underlying workflows.

Autosubmit GUI

The Autosubmit GUI is a JavaScript application written with Node 14 LTS and React #17. It provides monitoring
capabilities (read-only) visualization of existing experiments and their workflows running on HPC and cloud
infrastructure via Autosubmit (back-end), and their status, jobs, and other metadata information. The data displayed
comes from the Autosubmit API, a Web Server Gateway Interface (WSGI) application written in Python 3 using Flask.

14 https://react.dev/
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Figure 12. Autosubmit Graphical Interface (GUI) deployment in EDITO-Infra.

Autosubmit API is published to the Python Package Index (PyPl) and can be installed on any Linux system and
configured to run as a daemon service. It is written in Python 3 with Flask®. It runs as a WSGI application, so it requires
a server able to run it (e.g. Gunicorn®®) or a module or extension installed in an existing web server like Nginx'” or
Apache HTTPD.

The Autosubmit API Python project provides not only the software to handle HTTP requests and serve experiments
metadata, but also to execute some background processes called “Workers”. A worker, as seen in the diagram above,
is a background task that can be configured to run periodically with Cron. Its main responsibilities are to retrieve data
from the Autosubmit main database, to process that information, to populate other SQL tables and views in order to
serve data to the Ul, and in some cases to run out of order calculations that will be spared from the UL.

15 https://flask.palletsprojects.com/

16 https://gunicorn.org/

7 https://www.nginx.com/
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The GUI consumes the API via HTTP requests. The response contains JSON that React uses to update the components
and views of the application. The API can be secured with a single sign-on application (e.g., CAS is used internally at
the BSC), with simple JWT tokens, or the auth layer can be disabled and handled externally in some other way. This
will allow integrating workflow management capabilities in the other user interfaces in the VOML. WP5 will develop
write operations in the Autosubmit API’s (and therefore in the GUI). For the HTTP endpoints, possible standards to be
adopted are GA4GH’s Tool Registry Service (TRS) and Workflow Execution Service (WES), but that still requires further
investigation to assess the compatibility with our climate experiments, with the Autosubmit GUI, and with other
external clients like Surf’s GUI.

SURF-GUI

This SURF GUI, developed in EDITO Model Lab, will effectively guide users through straightforward steps to rapidly
generate nested, high-resolution simulations for any chosen region of interest in the World Ocean, integrating with
the necessary computational resources thanks to the integration with Autosubmit. The GUI is designed to simplify both
the model building process and the visualization/analysis of results, ensuring simplicity, fluidity, intuitiveness and
efficiency.

In this preliminary phase of design, the Software Requirements Specification (SRS) has been completed. This is a crucial
step that delineates and documents both the functional and non-functional requisites of the GUI.

The created GUI wireframes serve as blueprint, and represent the basic layout, structure, and functionality of the
graphical user interface without detailing the visual design or aesthetic aspects. The four main components identified
for the SURF-GUI include:
(1) The Configuration Assistant (Fig. 8a) is designed to offer users step-by-step guidance in configuring the
ocean simulation for their chosen area of interest.
(2) The Simulation Manager (Fig. 8b) facilitates the oversight of all submitted simulations. Specifically, users
can (i) track the real-time progress of simulations using the integration of the Autosubmit-GUI within the SURF-
GUI, (ii) identify simulations that encounter errors and access diagnostic details for each, and (iii) terminate
ongoing simulations if needed.
(3) The Data Visualization and Analytics Viewer (Fig. 8c) provides access to the model's input/output files and
tools for visualizing results and conducting validation with the available observational data. Two distinct
visualization and data exploration tools will be available: the Web Map Service enables dynamic map
visualization, and tools based on Python HoloViz ecosystem, allowing interactive visualizations with
publication-quality output.
(4) The multi-model comparison (Fig. 8d) allows users to select a group of downscaling experiments and
perform a comparative analysis of predictive skill. In this section, users will also have the option to access a
shared private catalogue of downscaling experiments generated within the VOML, including results from the
DMI, Deltares and Hereon model-building tools.

In addition to these four main components, the Web GUI may incorporate a User Profile page, tutorials,
documentation, relevant links, and a user feedback mechanism. This feedback feature will enable users to share their
experiences, contributing to the continuous enhancement and improvement of the service.

These components collectively form the SURF graphical user interface, aiming to provide an intuitive and efficient way
for users to interact with and utilize the functionalities of the SURF Relocatable Ocean Platform.

Following the initial wireframing stage, the design phase will advance to higher fidelity mockups and prototypes. These
subsequent stages will include the integration of more visual and interactive elements to create a more detailed and
refined representation of the final product.
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Figure 13. The SURF-GUI wireframe with the four main components: (a) Configuration Assistant (b) Simulation Manager (c) Data Visualization
and Analytics Viewer and (d) Multi-models comparison.

HBM GUI

The purpose of the GUI is for users to carry out on-demand modelling for a user-defined subdomain, resolution and
period in the Baltic-North Sea region.

The user sub-domain will be two-way nested in the HBMos Baltic-North Sea domain, which is a calibrated and quality-
ensured configuration. All input data (met forcing, bathymetry, coastline, river runoff, LBC) and software (HBM code,
QGIS, GUI) are based on open-source datasets, ideally from the EDITO Infra Data Lake.

Currently DMI is developing a GUI for modelers’ usage. The designed GUI consists of four modules performing the
subsequent steps:
e Creating geometry files for HBM with automatically nested lat-lon domains. User choses a template and makes
desired modifications (e.g., adding/modifying subdomains)
e Creating the script for execution of HBM application for the desired time period. The GUI will take care of
metforcing, river runoff, boundary/initial conditions, etc.
e Executing the HBM application using HPC resources and transferring the results to NetCDF format in parallel.
Limited postprocessing will be available at the execution stage to monitor the runs on the fly.
e Postprocessing the results, i.e., viewing the results of NetCDF files and sea level files. The GUI will be designed
for a quick display of main HBM results

In the implementation, the HBM_GUI is constructed using Python3 with the Tkinter module; NetCDF (2D or 3D) and
TIFF files will be processed using the Python Xarray module; sea-level results will be processed using the Python Pandas
module, and display of the results will occur with the usual Python Matplotlib library.
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For the next steps, DMI will continue to develop the HBM-GUI version for model developers; and at the same time
work with CMCC and BSC to integrate HBM-builder into a unified GUI with auto-submission by means of the
Autosubmit API, and running the GUI in EDITO-Infra.
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